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The Increasing use of sulphur compounds in medicine 
has caused the present heightened i n t e r e s t in chemical and 
s t r u c t u r a l invest igat ions of metal complexes involving sulphur 
donor l igands . Recently, an increasing i n t e r e s t has been shown 
in heavy metal t ox i c i t y pat terns and in the development of new 
h io log ica l ly act ive chelat ing agents with greater s e l e c t i v i t y 
for some of the heavy metals, i t i s necessary t o determine the 
various s t ruc tu ra l aspects of chelat ing agents on complexation 
with toxic metals and t o draw a conclusion regarding t h e i r 
s e l e c t i v i t y with respect to a pa r t i cu la r metal ion . I t i s thus 
obvious t h a t the s e l e c t i v i t y in the chelat ing agents for the 
toxic metals might have some therapeutic advantages. Se lec t iv i ty 
in ana ly t i ca l woiic i s often achieved by the adjustment of pH, 
addit ion of a large amount of a second coordinating agent, 
solvent extract ion, or var ie ty of techniques not f eas ib le in 
therapy. Hence, i t i s concluded tha t the s e l e c t i v i t y of a 
therapeut ic chelat ing agent must a r i se almost exclusively from 
the s t ruc tu re i t has over a pH range of 7.30 to 7.50. Thus, the 
search for highly se lec t ive chelating agents for cer ta in metal 
ions i s persued to f a c i l i t a t e the separation or character izat ion 
of such metals from multi-component systems. 
In view of the above findings, i t may be worthwhile to 
study the various s t r uc tu r a l aspects of chelating agents on 
complexation with toxic metals . Ihus, an attempt in the above 
( i i ) 
di rec t ion for seeking such a corre la t ion between magnetic and 
spectrochemical behaviour of metal complexes of some such metal 
che la t ing agents has been made which may throw l i g h t on t h e i r 
mechanism of action and may also open up such p o s s i b i l i t i e s for 
some other organic t h io c(»ipounds in the development of che la te -
therapy and in the search of new b io log ica l ly ac t ive chelat ing 
agents of high therapeut ic value, Ihese studies may lead 
semi-quant i ta t ively an understanding, in general , of the following 
a spec t s : 
( 1) the donor property of the sulphur atan, 
( 1 1 ) the nature of metal-sulphur l i nk , 
( i l l ) the posit ion of thio c(nnpounds in spectrochemical and 
nephelauxetic se r ies and corresponding ser ies of centra l 
metal atoms, 
( Iv) coordination number, stereochemistry and oxidation s t a t e 
of t r ans i t ion metal ions, and 
( v) anomalous magnetic behaviour of t r ans i t i on metal complexes, 
Tbe present work embodies the study of metal complexes of 
Co(I I ) , N i ( I I ) , Cu(II ) , Mn(II), C r ( I I I ) , F e ( I I l ) , Zn( I I ) , Cd(II) 
and Hg(II) with 2,2',2'',2^''- (Pentane- l ,5-d iy l ldenete t ra th io) t e t r a 
propionic acid (PDTTPA) and Co(II) , N l ( I l ) , Cu(I I ) , Z n ( l l ) , Cd(II) 
and Hg(II) with sal icylaldehydedithioglycerol SDTG and Co( I l ) , 
N I ( I I ) , Cu( l ) , Mn(II), Z n ( l l ) , Cd(II) and Hg(Il) with glycoldimer-
captopropionate, GSMPA. 
( H i ) 
The s tructural formulae of these l lgands are given below: 
( I ) 2,2',2'^,2^^i (Pentane-l ,5-cl iyl idene t e t r a t h i o ) t e t r a 
propionic acid (PDTTPA) 
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( i v ) 
An e f for t has been made to i so l a t e and character ize the 
ahove mentioned metal complexes of H)ITPA, SDTG and (HJMEH. Bie 
stereochemistry, bond type and oxidation s t a t e of centra l metal 
atoms of these complexes have been studied by magnetic suscep t i -
b i l i t y , diffuse reflectance and infrared spec t ra l measurements. 
The r e su l t s of these studies could be summarized as follows; 
2,2,2 ,2 - (Pantane-. l j5-diylidenetetrathio) t e t r a 
propionic acid, H)TTPA, C -^HggO S^ ^ forms s t ab le 2: l :sHai type 
coloured complexes with c o b a l t ( I I ) , n i c k e l ( I I ) , chromiun(III) , 
i r o n ( I I I ) , copper( I I ) , z i n c ( I I ) , cadmium(II) and mercury(II) and 
t h e i r s t ruc tu re have been characterized on the bas is o^ elemental 
analys is , magnetic measurements, infrared and e lec t ronic spect ra l 
s t u d i e s . I t was found tha t coba l t ( I I ) and nickel(II)-H)!ITPA 
complexes are high spin octahedral , copper(II)-PBTTpA complex i s 
d i s to r t ed octahedral , manganese(II)-PDTrpA complex i s spin free 
octahedral , chromium(III), i ron ( I I I )-Pl>TTPA complexes are 
polymeric octahedral while complexes of z i n c ( I I ) , cadmium(II) and 
mercury(II)-PBTTPA complexes are t e t r a h e d r a l . In these ccmplexes 
coordination takes place both through sulphur atom and oxygen 
atoms of the carboxylic groups of the l igand. The complexes of 
chromium(III), iron(III)-H)TTPA are the typ ica l examples of 
hydroxy-b r i dge d p olyme r s , 
Sal icylaldehydedithioglycerol , SDTG, C . ^ g O ^ S , , forms 
s tab le coloured complexes of l:ls:MsL type with c o b a l t ( I I ) , 
n i c k e l ( I I ) , copper(II) , z i n c ( I I ) , cadmium(ll) and mercury(II) and 
( V ) 
t h e i r s t ruc ture have heen characterized on the bas is of elemental 
ana lys i s , magnetic measurements, infrared and e l ec t ron ic spectral 
s t u d i e s . Cohal t ( I I ) forms squareplanar, n i cke l ( I I ) foms 
t e t r agona l , copper( l l ) forms octahedral complex while z l n c ( l l ) , 
cadmium(II) and mercury(II) form te t rahedra l complexes. In these 
complexes coordination takes place hoth through sulphur and 
primary alcoholic group of the l lgand, Ihus, SDTG forms square-
planar , tetragcmal and te t rahedra l complexes. In case of 
copper(II)-SDTG coordination also takes place through the 
hydroxyl group of the secondary alcohol and forms d i s to r t ed 
octahedral complex. 
Glycoldimercaptopropionate, GDMpA, CH2-OOC-CH2-CH2-SH 
CHg-OOC-CHg-CHg-SH 
forms s table ML type coloured complexes with c o b a l t ( I I ) , n i c k e l ( I I ) , 
z; inc(II) , cadmium(II) and mercuiy(II) , MoLg type with copper(I) 
and ML XHgO with manganese(II) where L = llgand, M = divalent 
metal, X = two water molecules. Hie cobalt(II)-GDMPA complex 
i s squareplanar, nlckel(II)-Ga*IPA i s paramagnetic squareplanar. 
The copper forms a dlamagnetlc t e t rahedra l complex involving sp 
hybrldizaticm, in which Cu(II) i s reduced to Cu(I ) . Z l n c ( l l ) , 
cadmlum(II) and mercury(II) complexes are t e t r a h e d r a l . Manganese(II) 
complex i s high spin octahedral . Their s t ructure have been 
character ized on the bas is of elemental analysis , inf rared and 
e lec t ron ic spectra l s tudies and magnetic measurements. In these 
complexes coordination takes place both through the sulphur atom 
and the oxygen atom of carbonyl group of the l lgand . 
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C H A P T E R - I 
INTBODUCTION 
C H A P T E H - I 
INTBQDUCTION 
The peculiar Interest of organic compounds containing 
sulphur, nitrogen and oxygen as sulphydiyl, dlsulphlde, amino, 
nltro, amldo groups or as heteroat(»ns is connected with the 
fact that such c(Hnpounds find Important use In medicine and 
1 2 biology. They are used therapeutically as promising ligands *• , 
They stimulate the respiratory activity of brain cortex and act 
as antiseptic for food stuff-'* , Hetal salts of these compounds 
have also been used as an antidote in heavy metal poisoning by 
Bl, As, Sb and Au. Recently, it is found that pyrldoxlne-5-thiol 
is effective In facilitating the removal of Hg out of the central 
5 
nervous system and across the blood brain barrier . It has been 
found that inclusion of sulphur or the substitution of an oxygen 
by sulphur gives Increased activity and more favourable toxicity 
ratio , It Is reported that several antibiotic and therapeutic 
agents produce antibacterial effect after complexatlon with 
7 8 
metals'* , It is also known that some drugs become more effective 
9 lO 
when administered as a metal complex and a number of metal 
chelates have been found to inhibit tumour growth « In cancer 
treatment it has been found that the effective species is not 
the thiosemlcarbazone itself but a metal chelate of the 
12 1*? 
thiosemlcarbazone » -', The synthesis of new chelating agents 
of therapeutic value have been the subject of many recent studies. 
There are numbers of disorder in which metals accumulate in the 
2 
liver and can cause serious problems. These include chronic 
and acute toxicity due to many of the hea\y metal ions as well as 
disorders in which essential metal ions are accumulating in 
amounts far heyond any potential requirements to the points where 
toxic levels are attained. Thus, iron is so accumulated in 
thalassemia major, hemosidersosis and hemochromatosis while copper 
14-18 is accumulated to lethal levels in Wilson's disease . 
Mercuiy, cadmium and several other toxic metals also 
reach rather in high concentration in liver when they are 
19-21 
ingested , The chelating agents used for removing such toxic 
metals from the liver as well as from other sites in the human 
body when administered either orally or by injection, for example, 
EDTA, administered as calcium complex to facilitate the removal 
22 23 
of lead also increases the excretion of zinc and iron * while 
pencillamine which enhances the excretion of mercuiy, coppter and 
2k lead but also increases the excretion of cobalt and zinc • 
Further, it is becoming increasingly clear that zinc plays a 
vital role in biological processes. Its deficiency can cause 
unusual disorders in the development of body, disorder in 
metabolic systems, prostate gland and can result in mental 
25 
retardation . In some cases, it has been observed that some of 
the heavy metal compounds are subsequently reabsorbed with bile 
acids and again participate in enterohepatic circulations. As a 
26 
consequence, fecal excretion of heavy metal is modest , Such 
type of metal chelates that remove toxic metal from enterohepatic 
circulation are known as enterohepatic chelating agents. It is 
3 
essential lor a enterohepatic chelating agents that they must 
have high molecular weight and approximately distributed to polar 
and non-polar portion so that filtration through gromerulus of 
27 kidney is hindered and preferred hiliary and fecal excretion . 
The selectivity of a therapeutic chelating agent must arise 
almost exclusively from the structure. It has over a pH range 
28 from 7,30 to 7,50 , The basic object here is to administer a 
metal complex which will remove the toxic metals from the human 
body and simultaneously have a mineral effect on the distribution 
of the essential metal ions. Thus, the circulation may be 
emphasized as a mechanism of drug action. The basic object may 
28 be stated in terms of the process desired : 
Chelate of various 
essential metal ions 
Toxic metal chelate 
in the excreta 
Human bo^ containing toxic 
metal e.g. Cd(II), Mg(Il), 
Fe(IIJ, K(I), Na(Ij, Pe(III), |Mn(II), Cu(II), Zn(II) etc. 
Human body with a normal distri-
bution of Ca(II), Mg(II), Pe(II), 
Perill), Mn(II), Cu(II), Zn(II), 
Na(l), K(I) etc. 
The increasing use of sulphur compounds in medicine and industry 
has caused the present hightened interest in chemical and 
structural investigations of metal complexes involving sulphur 
donor ligands. The distinguishing property associated with 
mercaptide group is its ability to react with aldehydes and amines 
to form different biologically active chelating agents which are 
more important than the parent compounds. Therefore, it is 
proposed to synthesize some new biologically active chelating 
4 
agents containing sulphur and nitrogen atcms and stu^ their 
complexation i^ ith metals, semi quantitatively, to an understanding 
in general ofj 
(a) Donor property ol sulphur atom; 
(h) Nature of metal sulphur l ink; 
(c) The posi t ion of different donor atoms in spectrocfaemical 
and nephelauxetic ser ies and corresponding se r i e s of cen t ra l 
metal atoms; 
(d) The coordination nusiber, stereochemistry and oxidation s t a t e 
of t r a n s i t i o n metal ions; and 
(e) Anomalous magnetic behaviour of t r ans i t i on metal c(»iplexes. 
The synthesis of therapeutic chelat ing agents and t h e i r neut ra l 
complexes wi l l be studied pharmacologically and thus i t w i l l help 
in the development of chelate therapy and search of new b io logica l ly 
ac t ive chelat ing agents of high therapeutic value. Some 
p-aminothiobenzoate with cer ta in changes in the alkyl groups of 
subs t i tu ted amines have been synthesised and studied pharmacolo-
g i c a l l y . I t was found that diisopropylaminoethylthio-p-amino-
benzoatefaydrochloride shows more anaesthetic proper t ies than 
procain and xylocain. I t was reported in 1956 tha t pyr id ine-2-
carboxyaldehydethiosemicarbazone displays ea rc inos ta t i c property 
in the lymphoid 1210 t e s t ^ , Isoquinoline-1-carboxyaldehydethio-
semicarbazone has a broad range of ea rc inos ta t i c ac t i v i t y and 
low toxic i ty , The most ac t ive anti.leukamia reagent"^ among a l l 
the thiosemicarbazide der ivat ive invest igated i s 5-lQrdroxypyrldine-
2-carboxyaldehydethiosemicarbazone, The preparat ion of some metal 
ccwiplexes of dithiocarbazolc acid and t h e i r b io log ica l appl icat ions 
5 
32 33 have been the subject of some patients '"^  , 
A considerable number of complexes have been tested for 
carcinostatic activity. The pd(II) and Pt(II) c(»iplexes show 
34 
antlttuBOur activity, Lewis Lung and B-16 melanoma system , The 
pd and Pt complexes of 6>mercaptopurine are known to destroy some 
35 
adlnocarclnomas , Cancer growth is dependent on the reproduction 
of the malignant cells having a kinetic advantage over the body 
defence mechanism. Therefore, the metal complexes to be effective 
36 has sufficiently labelled to cut pace the cancer growth . It 
has been suggested that kinetic factors are of importance in 
determining the effect of metal complex. Frcnn the limited data 
available, it seems that the following criteria are of importance 
in determining whether a metal complex will have carcinostatic 
37 
activity or not : 
(a) Metal chelate should have reasonable high thermodynamic 
stability, 
(b) Metal should be a "B" class metal in particular palladium 
or platinum. 
(c) Ligand with sulphur donor are likely to be most effective 
as they usually confer rapid solubility on the metal complex 
and they form stable complex with "B" class and broader line 
metals. 
Cobalt and sodium compounds of some of these thio acids which are 
related to the hydrolysis product of vitamin B^^t inhibit the 
effect of weight reduction in young animals by diet containing 
thi0-0x1de powder. They also prevent the occurrence of diabetics 
6 
38 due to alloxan and dithiozone , These compounds have a lso been 
39 found t o he active as a co-factor in enzymatic oxidation . I t 
has also heen claimed that the solut ion of vitamin B^g and 
ho 
vitamin C are s t ab i l i s ed with th io acids . B i t t e r and Lover 
J!ti-43 
were f i r s t to prepare e thanediy l idenete t ra th io te t raace t ic acid 
and condensation products of dialdehydes with mercapto acid or 
amines have heen studied hy Mark M.Jones e t a l , t o he used as 
22 44-48 
ant idote agents * , Some similar type of compounds have 
prepared hy J.Podlaha e t al,^^*'^^"'^^ and Tiwari et a l . ^ ^ " ^ ^ . Some 
therapeut ica l ly more superior enterohepatic chelating agents , 
which f a c i l i t a t e the h i l l a r y ra ther than the renal excret ion of 
toxic heavy metals have heen synthesized and the pr inc ip les 
62 involved in t h e i r design are outlined and studied pharmacologically . 
63 64 The reviews of Living-Stone et a l , are commendable •*^* , 
The increasing use of sulphur ccnapounds in medicine 
caused the present heightened i n t e r e s t in chemical and s t r u c t u r a l 
inves t iga t ions of metal complexes involving sulphur donor l igands . 
The study of complex compounds in i t s modem phase i s based on 
the pioneering synthet ic work of wemer, who enunciated the 
essen t ia l pr inciples of coordination number, d i rec t metal to 
ligand bond and stereochemistry. The applicat ion of quantum 
mechanics hy Pauling (from I932 onwards) provided the main 
stimulus t o the growth of the modem theories of chemical bonding 
and what was more important, i t gave a sense of purpose t o modem 
physical techniques i . e . N.H.R., S.P.R,, magnetic measurement, 
v i s i b l e , u l t r av io l e t and infrared spectroscopy as well as the more 
7 
recently developed f ie lds l ike microwave, nuclear quadrupde 
B!assl)auer spectra and other e lec t ronic and radiochemical methods. 
In the context of solut ion chemistry, the colour change 
which depends on the ligands d i rec t ly attached to the cen t ra l 
metal ion and different s p a t i a l arrangements of honds around the 
cen t r a l metal ion, can he co- r re la ted with the mailed change in 
the magnetic p roper t i es . Subsequent developments of ligand f i e ld 
65-69 
approximation over c i y s t a l f i e ld theory and the cor re la t ion 
between spec t ra l (both U.V, and v i s ib le ) and magnetic proper t ies 
led to a b e t t e r understanding of bond type ( ionic or covalent) 
and stereochemistry of metal ions in complexes. The general 
treatment of the ligand f i e l d theory in complexes of di f ferent 
72-73 
stereochemistry has been given by different authors , 
!rhe s t u ^ of magnetic property i s perhaps the simplest 
ye t very potent tool for predict ing the stereochemistry, the 
oxidati(Hi s t a t e and bond type in the complex compounds. While 
Van-Vleck and Pauling * approaches have been s a t i s f a c t o r i l y 
used t o account for the moment of spin free fK-PeFJ and spin-
paired |K-Fe(CN)7| compounds of the f i r s t row t r a n s i t i o n metals , 
the theory of Kotani appears to provide a reasonable explanation 
in terms of the Increased Spin orbi t coupling for the low moment 
observed in mai^ compounds of the heavier t r a n s i t i o n metals . In 
case of heavy t r an s i t i on metal complexes explanatiaiof the 
anomalies are generally sought in the r e l a t ive effect of the 
factors l i k e ; 
8 
( i ) the grea ter c rys ta l f i e ld effects due t o l a rge r energy 
separation ( ^ ) between dG, and d f o r b i t a l s , 
( i i ) the preponderance of intermediate forms of the coupling, 
( l i i ) large sp in-orh i t coupling constants of the metals involved, 
and 
( i v ) the influence of an t i fe r ro magnetic i n t e r a c t i o n , 
75-77 The reviews of Nyholm, Figgis and Lewis'-' on the above subject 
a re commendable. The avai lable data on the magnetic studies and 
s t r u c t u r a l cor re la t ion of metal complexes involving various types 
of thio-organic ligands can be summarized as follows: 
Complexes of mercaptides with N i ( I I ) , Cu(II) and Zn(II) 
exhibi t normal magnetic moment but most of the Co(II) complexes 
have been reported to exhibit subnormal magnetic m(»ent 
(2 ,6-3 ,0 B,M,)^®"®^, This subnormal magnetic moment i s generally 
ascribed t o sp in-orbi t coupling due to metal-metal in te rac t ion 
e i t h e r d i rec t ly or via bridging atoms, Ni ( I I ) forms a mul t l -
86 
nuclear monomeric complex with thioglycol ic acid " , However, 
i n solut ion Ni ( I I ) complex with thioglycol ic acid exhibi ts a 
subnormal magnetic moment of 2,49 B,M, involving conflguratlonal 
87 88 
equ i l ib r i a , The Nl( I I ) t h io sa l l cy l l c a d d complex in solut ion 
(AAeff a 2,2 B.M,) probably involves p a r t i a l covalent bonding 
while i t s Co(II) complex (AXefl s 2,39 B,M,) has been In terpre ted 
In terms of simultaneous formation of octahedral and squareplanar 
89 Species ^. Recently, an equtlibrium mixture of high and low spin 
s t a t e of Co(Il) with thiopropionlc acid {kXeti s 2,02 B.M,) has 
90 
a lso been reported , p-mercaptoethylamine forms a t r i nuc lea r 
91 
complex with Nl( I I ) while p-mercaptoethylpyrldlne forms 
nul t inuc lear low spin inner complexes witii N i ( I I ) , Pd(II) and 
P t ( I I ) , Busch has reported strong f ie ld producing low spin four 
coordinated Ni ( I I ) complexes with N-suhsti tuted p-mercaptoethyl-
anine^ , However, Tiwari et al,^-^ have reported N i ( I l ) complex of 
diisopropylaminoethanethiolhydrochloride as paramagnetic 
(AJleff a 2,24 B.M,) binuclear nature of the c(»Bplex with two 
nickel atoms arranged in octahedral and planar environment 
respec t ive ly . I t also reduces Cu(II) to Cu(I), Pt(IV) to P t ( I I ) 
and OS(VIII) to Os( iv) , The P t ( I I ) complex has been reported as 
diamagnetic and squareplanar while Os(iy) complex as paramagnetic 
(AXeff a 1,20 B,M,) and octahedral. Though Ni ( I I ) complexes of 
t h i o l s are generally diamagnetic and soluble in non-aqueous polar 
solvents^ *^'^, but some are paramagnetic and insa luble in most 
96 
solvents , I t i s in te res t ing t o note that to luene .3 , 4 -d i th io l 
and a number of d ivalent t r an s i t i on metal ions form complexes of 
the generally formula M(TDT)2, where M i s Fe, Co, Ni or Cu, The 
Co(TDT)2 anion i s perhaps i s the f i r s t example of a high spin 
planar d® metal canplex^ ' . The Co(II) and Nl ( I I ) complexes of 
thiopolycarboxylic acids have been reported to have normal magnetic 
98-101 . ^ 
moments'^  , The great majority of Cu(II) complexes show normal 
102 
magnetic moments of l,75«-2,0 B,H, near the spin only value of 
1,75 B,M, and indicat ing the absence of any appreciable spin 
coupling between unpaired electrons belonging t o different copper 
at<ais, Figgis •' predicted a magnetic moment of ^ 1,90 B,M, for 
t e t rahedra l and ^ 1,90 B,M, for squareplanar and octahedral 
copper(I l ) spec ies . Thus, the magnetic su scep t ib i l i t y i s not of 
10 
much use in deciding on the stereochemistxy of copper complexes. 
Some copper(II) complexes " show subnormal magnetic moments, 
Copper(Il) ace ta te with three atoms carboxylate bridges has a 
magnetic moment of 1.43 B,H, This phenomenon i s caused by the 
Spin-spin in te rac t ion between copper(II) ion . But the subnormal 
magnetic moment i s not found in a l l carboxyl group bridged 
polymers. For example, copper(II) benzoate t r lhydra te shows a 
magnetic moment of 1,87 B.M, i n s p i t e of i t s l i n e a r polymeric 
107-114 
s t r u c t u r e . The available data on these t r a n s i t i o n metal 
complexes with various sulphur containing ligands i s quite in 
d e t a i l and i n t e r e s t i n g , 
A survey of l i t e r a t u r e indicates tha t a considerable woric 
has been published on t r ans i t i on metal co&plexes of sulphur 
containing ligands due to In te res t ing cor re la t ion between t h e i r 
colour and stereochemistxy on one hand and on the other t h e i r 
increasing applicat ions in medicine as ant idote and in chelate 
therapy. The metal cos^lexes of organic compounds containing 
sulphur are of i n t e r e s t because of t h e i r enhanced s t a b i l i t y and 
85,91-93 formation of bridged complexes , 
In view of the above findings, i t may be worthwhile 
t o study the various s t ruc tu ra l aspects of chelat ing agents on 
complexation with toxic metals. Thus, an attempt in the above 
f i e ld for seeking such a cor re la t ion between magnetic and 
spectrochemical behaviour of metal complexes of some such metal 
chelat ing agents has been made which may throw l igh t on t h e i r 
11 
mechanism of action and may also open up such possibilities for 
some other organic thio compounds in the development of chelate 
therapy and in the search of new chelating agents of high 
therapeutic value. These studies may lead semi quantitatively 
an understanding in general of the following aspects: 
( 1) the donor property of sulphur atom, 
( ii) the nature of metal sulphur link, 
(iii) the position of thio compounds in spectrochemical and 
nephelauxetic series, and corresponding series of central 
metal atoms, 
( iv) the coordination number, stereochemistry and oxidation 
state of transition metal ions, and 
( v) anomalous magnetic behaviour of transition metal complexes. 
The present work embodies the study of metal complexes 
of Co(II), Ni(II), Cu(II), Mn(II), Cr(III), Fe(lII), Zn(II), 
Cd(II) and Hg(II) with 2,2',2^ ,^2^ ^^  - (pentane-l,5-diylidene-
tetrathio) tetra propionic acid (PDTTPA) and Co(II), Ni(II), 
Cu(II), Zn(II), Cd(II) and Hg(II) with salicylaldehyde dithio-
glyeerol SDTG and Co(II), Ni(II), Cu(I), Mn(II), Zn(II), Cd(II) 
and Hg(II) with glycoldimercaptopropionate, GDMPA, 
The structural formulae of these ligands are as follows: 
CH, 
I -
HOOC-C-S 
I 
H 
H 
I 
HOOC-C-S 
I 
CH, 
-CHg-CHg-CHg. 
CH, 
I ^ 
S-C-COOH 
1 
H 
H 
I 
S-C-COOH 
\ 
CH, 
H)TTPA 
S-CH2-CHOH-CH2OH 
^Qg S-CHg-CHOH-CHgOH 
SDTG 
CH„-0-C-CH„-CHo-SH 
2 „ 2 2 
0 
0 
II 
CHg-O-C-CHg-CHg-SH 
12 
ompA 
13 
PDTTPA i s an octadentate chelating agent and contains lour 
carboxylic groups and four sulphur atoms as po ten t ia l donors, 
capable of combining in various polydentate modes, SDTG contains 
two sulphur atoms and five alcoholic groups as po ten t ia l donors. 
A noteworthy point here i s tha t phenolic group i s not coordinated 
in the complexes most probably due to s t ea r i c hindrance caused by 
the presence of large bulky thioglycerol moiety a t the ortho 
posi t ion but forms weak hydrogen bonding with the sulphur atom 
present in the thioglycerol molecule which wi l l account for the 
high thermal s t a b i l i t i e s of the complexes and GDMPA contains two 
oxygen atoms of the carbonyl groups and two act ive sulphydryl 
groups and i s , therefore , expected t o act as a bidentate or 
t e t raden ta te l igand. In thio-carbo^Q^lic acids , sulphur i s 
generally less effective than i t s congener oxygen in i t s a b i l i t y 
to function as a donor to f i r s t row metal ions . Metal complexes 
110-112,114-118 
of monothiocarboxylic acids and dithiocarboxylic acids 
have been studied extensively whereas thiopolycarboxylic acids -
the th io analogs of complexones which contain two or more th io and 
carboxylie groups as potent ia l donors have been subjected to 
r e l a t ive ly l i t t l e study. Recently some such complexes have been 
repox-tea*<''*8-52.93.98.99. 
In the present work an effort has been made to i s o l a t e and 
character ise the above mentioned metal coi^lexes of pDTTPA, SDTG 
and (3)MPA, The stereochemistry, bond type and oxidation s t a t e of 
cen t ra l metal atoms of these complexes have been studied thoroughly 
and characterized by a range of sophist icated physical techniques 
u 
i . e . magnetic moment, diffuse refluctance and infrared spec t ra l 
s t u d i e s . Main features of these studies are as follows: 
Stereochemistry; PDTTPA forms high spin octahedral complexes with 
c o b a l t ( I l ) and nicl£el(II) , d i s to r t ed octahedral with copper( I I ) , 
Spin free octahedral with manganese(II), polymericoctabedral with 
chroBdum(III) and i ron ( I I I ) and te t rahedra l with z i n c ( I I ) , cadmium(II) 
and mercury(I l ) , SDTG forms complexes squareplanar with c o b a l t ( I I ) , 
t e t rahedra l with n i c k e l ( I I ) , octahedral with copper(II) and 
te t rahedra l with z i n c ( I I ) , cadmium(II) and mercuiy(II) , GSDMPA 
forms complexes square planar with c o h a l t ( I I ) , n i c k e l ( I I ) , 
t e t rahedra l with copper(I) , high spin octahedral with manganese(II) 
and te t rahedra l with z i n c ( I l ) , cadraium(ll) and raercuiy(II), 
Stoichiometryi Complexes of PDTTpA with c o b a l t ( I I ) , n i c k e l ( I I ) , 
chromium(III), i r o n ( I I I ) , copper ( I I ) , z i n c ( I I ) , cadmium(II) and 
mercury(II) reveal 2:1::M:L stoichiometiy. Complexes of SDTG with 
c o b a l t ( I I ) , n i c k e l ( I I ) , copper( I I ) , z i n c ( I I ) , cadmium(Il) and 
mereuiy(l l) are of 1:1sjM;L stoichiometry. Complexes of GCMPA with 
c o b a l t ( I I ) , n i c k e l ( I I ) , manganese(II), z i n c ( I I ) , cadmium(ll) and 
mercury(II) are of l:l8:M:L stoichiometiy while of copper(I) 
reveals 2:2::H:L stoichiometiy. 
C H A P T E R - I I 
SYNTHESIS AND CHABACTERIZATION OF 
2 . 2 « i ' . i^^" (PENTANE-1«5-DlYLIDBNETETRATHIO ) 
TETRA (PBOPIONIC ACID) AND ITS COMPLEjffiS iflTH 
COBALT(II), NICKEL(II), COPPER(II), MANGANESE(II). 
CHBOMIPM(III), IRON(III ) , ZINC(II) . CADMIDM(II) 
AND MERCURY(II) 
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C H A P T E R - I I 
EXPERIMENTAL 
1, Materials and Physical Measurements 
Thiolact lc acid ol 98,3% puri ty (Evans Chemetics, 
New Yoiic) was used as such without further pu r i f i ca t ion . All 
o ther chesiicals used were of A,R« Grade, Double d i s t i l l e d water 
and d i s t i l l e d ethanol were used as solvents in preparing solut ion 
of metal s a l t s or l igand. The pH of the solut ions were determined 
by ELICO pH meter LI-lO INDIA, Magnetic measurements were made 
on vibrat ing sample magnetometer (VSM), princeton applied research 
model 155* The diffuse reflectance spectra were measured on a 
Zeiss BiQ I I Spectrophotometer from the sample d i lu ted with 
magnesium carbonate and I ,R. absorpti(m spectra were obtained 
with KBr disc on a SP-1200 IR spectrophotometer. 
2 , Preparation of the Ligand 
2.2.2 .2 - (Pentane-i .5-diylidene t e t r a t h i o ) t e t r a 
(Propionic a c i d ) ; Glutaraldehyde 2554 aqueous solut ion 42 g 
(0.05 mole) and t h io l ac t i c acid 98% &i,k g (0.62 mole) were mixed 
and 15 ml of cone. HCl was added with s t i r r i n g . The solut ion was 
heated gently on waterbath for-^*4 hours. Upon ref r igera t ion the 
solut ion so l id i f ied within 48 hours. The product was washed with 
water, ethanol and dried in vacuum desiccator (yield.~ ' 
melting point - 98 C (not sharp) . 
16 
The course of the reaction can be represented hy the 
reactionJ 
CH 0 
ff 
0 
4 HOOC-C-SH + H-C-CH2-CH2-CH2-C-H 
H 
H"" 
^ 
H«-C "nJHo ••VHQ—CHp • 
f3 
S-C-COOH 
I 
H 
H 
S-C-COOH 
I 
PDTTPA 
3« Preparation of the Complexes 
CobaltdD-PDTTPA Complex} A solution of the metal s a l t (cobal t -
chlor ide hexahydrate) (0,1H,200 ml) in water was added t o a solut ion 
of PDTTPA (0.05M,l00 ml) in e thanol . A few drops of cone, NaOH 
solution was added to adjust the pH around 6,0 . The resu l t ing 
mixture was refluxed over steambath for half an hour, A brownish 
p rec ip i t a t e was obtained. This was cooled, f i l t e r e d , washed with 
a mixture of ethanol and water (1:1) and f ina l ly with acetone and 
dried In vacuo over anhydrous calcium chlor ide . I t was insoluble 
in water and common organic so lvents . 
17 
NicteeldD-PPTTPA Complex; A greenish black so l id complex was 
prepared by the same procedure as cobalt(II)-PDTTpA complex 
described above using nickel chloridehexahydrate. I t s s o l u b i l i t y 
was s imi lar t o tha t of cobalt(II)-PDTTpA complex. 
Copper(Il)-PBTTPA Complexg A solution of copper aceta te (O.IM, 
200 ml) in water was added t o a solution of the ligand (PDTTPA) 
(0.09^,100 ml) in ethanol. The contents were mixed when black 
p rec ip i t a t e was obtained. The p rec ip i t a t e was f i l t e r e d , washed 
with a mixture of ethanol and water ( I j l ) and f i na l ly with acetone 
and dried in vacuum des iccator . I t was insoluble in water as well 
as in common organic solvents , 
Manjganese(II)-PDTTPA Complexs A g r ^ i s h so l id complex was prepared 
by the same method as that of cobalt (II)-PDTTpA complex using 
mangftaous chloride te t rahydra te . I t s s o l u b i l i t y was s imi la r to that 
of the cobalt(II)-Pl>TTpA complex. 
IrondlD-PDTTpA Complex: An aqueous solut ion of metal chlor ide 
(2,011) was added to an equimolar solution of chelat ing agent in 
ethanol . On addition of few drops of NaOH soluticn a yellowish 
colour ccHBplex separates out . The pH of the solut ion was 5,0, 
I t was digested on wateibath for few hours, cooled, f i l t e r e d , washed 
with water and alcohol (1:1) then with acetone and dried in vacuum 
des icca tor . I t was insoluble in water and other common organic 
so lvents , 
Chromium(III)-PDTTPA Complex: A greenish blue colour complex was 
18 
prepared hy the same method as tha t of Fe(III)-.p1>TTl>A complex. 
The pH ol the solution was 5,4, I t was insoluble in water and 
other eonraon organic solvents , 
Z i n c d i K Cadmium(II) and Mercury(II) Complexes with fOTTPAj An 
aqueous solut ion of metal ace ta te (2M) was added to an equimolecular 
solut ion of the chelat ing agent in e thanol . The complex separates 
out on the addition of few drops of cone, NaOH solu t ion . I t was 
then digested on waterbath for few hours, cooled, f i l t e r e d , 
washed with water and ethanol mixture (1:1) and f ina l ly with 
acetone and dried in vacuum desiccator . The con^lexes so obtained 
were found to be insoluble in water, e ther , carbontetrachloride 
but soluble in acetone. The complexes of zinc and cadmium were 
whitish and tha t of mercury was grey in colour respec t ive ly , 
EESULTS AND DISCUSSION 
The s t ruc ture of the new chelating agent i s supported by 
(a) elemental analys is , (b) the IR absorption spectra , and (c) 
f a i lu re to give a posi t ive t e s t for a free sulphydryl group. The 
percentage of C, H and S on analysis were found to be in excel lent 
agreement with those calculated for the above s t ruc tu r e . The 
most s t r i k i n g evidence for the s t ructure of the chelat ing agent 
are (a) the disappearance of the -SH s t re tch ing absorption band 
shown by t h i o l a c t i e acid in the region 2600-2550 cm , and (b) a 
sharpening and in tensi fying of the C-S s t re tching region near 
-1 
700 cm compared to that observed for thiolactie acid, A final 
piece of experimental evidence that confirms the dithioacetal 
19 
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21 
s t ruc tu re of the chelat ing agent i s the fact that solut ion of the 
chela t ing agent f a i l s to produce any hlue colour with FeCli? 
11Q~122 
solu t ion ^ • The resu l t s are given in tahles i , 2 and 3 . 
The decomposition temperatures which range from 230-320 C, ind ica te 
tha t the complexes are thermally quite s t a b l e . 
Cobalt(II)-PDTTPA Complex? Cobalt has an electronic configuration 
7 2 7 
3 d ^ s and therefore the free cobaltous ion would have 3d effect ive 
e lec t ronic configuration. The coba l t ( I I ) ion can, therefore , 
assume octahedral , t e t r ahedra l , squareplanar or tetragonal 
stereochemistry depending upon the strength of the ligand f i e l d . 
The high-spin octahedral complexes of Co(II) are known to have 
100 
effect ive magnetic m(»ients ranging from 4,80 to 5»60 B,M, 
Involving very high orbi ta l contr ibut ion. The spin-only moment 
for the three unpaired electrons i s only 3,89 B.M, and the high-spin 
te t rahedra l complexes have magnetic moments considerably high 
for the spin-only value, which l i e s in the range from 4,20 t o 
4,90 B.M, The magnetic moment values for high-spin f ive 
coordinated Co(II) complexes are known to l i e in the range of 
123 te t rahedra l complexes i . e . 4,50 to 4,80 B,M, On the other hand, 
a l l the squareplanar and the strongly te t ragonal ones are of the 
low-spin type having one unpaired e lec t ron. However, there i s a 
vezy large o rb i t a l contribution t o the magnetic moment so t h a t the 
effective moments for these complexes generally l i e in the range 
loo 
from 2,20 to 2,90 B.M. Again, i t i s well known that s ix 
coordinated low-spin complexes exhibit magnetic moment only 
s l i gh t ly higher than the spin-only value v i z , 1,90 to 2,00 B,M,^^^ 
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Our observed value l o r the magnetic moment of 5.31 B.M. per 
c o b a l t ( I I ) Ion ( table 1) In the cobalt(II)-PDTTPA complex i s in 
agreement with the generally accepted values of 4»30 to 5,20 B.M, 
125 l o r high-spin octahedral cobalt ccmplex , This suggests that 
the complex i s octahedral. 
The e lec tronic spectrum o l Co(II)-pDTTPA complex as recorded 
i n F i g , 1 and tab le 2, cons i s t s ol two main bands at 7400 cm" and 
20000 cm" with a shoulder at 14920 cm , Since the complex lormed 
has D.h symmetiy, the e l ec tronic spectrum can, there lore , be 
interpreted in terms ol the metal ion being surrounded by a weak 
l igand H e l d o l microsymmetry. The coba l t ( I I ) ion has the 
4_ «5 2 ^ 
T (tg eg ) ground s t a t e with the exci ted s t a t e p ly ing I5 B 
h igher in energy. In cubic crys ta l H e l d , these l e v e l s s p l i t in to 
S ^ g ( F ) , *T2g(F), *A2g(F) and ^T-Lg(P) i n order ol increasing energy. 
Hence, l o r octahedral Co(II) complex, three spin allowed bands are 
expected corresponding to the t r a n s i t i o n s : T. (F) — ^ T^ (x^j^)» 
\ g ( F ) —^V2'^^(i^2) «^^ \ g ( F ) " ^ \ g ( P ) ( ^ 5 ) . The lowest 
energy band at 7400 cm" can, there lore , be assigned as (iJ.) and 
the strong band at 20000 cm" as ( Q J - ) t rans i t ion with a shoulder 
at 14920 cm" presumed to be (%>2)» The l igand H e l d parameters 
( table 2) have been calculated to resolve the problem ol assignment 
126 
ol the shoulder by the use ol semi-empirical equations that 
g ive the values o l the parameters D and B accurately with an error 
o l l e s s than 5 cm" , 
:^i - S 
c )^ ^ - T D T - T 
8.74 .. 0 . 5 ( ^ . 1 / 
26 
( I I ) 15 B = 1^ - 203 + 10 Dq •»• ^ J - *. i^^ T XV « q 
1J± 
where Dq' = ^ - ^ 
1.10U3 -X^jL ^ o,%5 B^ 
= 16 ™* ^= — 5 7 -
To solve these equations for Dq and B, experimental values 
of (73^) and (v)*) , as assigned above have heen used. The posi t ion 
of {l>o) t r ans i t i on has been calculated using the r e l a t i on 
126 —l 
-XJ 2 - 'P A * ^0 ^q • *^*® calculated value of (2->2) ^5^00 era" 
agrees well with the observed value of 14920 cm" for the shoulder. 
127 Lever ' has suggested that the shoulder on the pr inc ipa l 
hand in an octahedral Co(XI) complex in order to assign to ("i^ o) 
t r a n s i t i o n must have an energy approximately twice but not grea ter 
than 2.20 times that of ("Ui) t r a n s i t i o n . This i s s t r i c t l y t rue 
for a regular octahedral molecule and well substant iated by our 
calculated value of 2.02 f o r x ^ g / i J i * *^*i<^ ^ ^^ ^^ good agreement 
126 
with other complexes of octahedral microsymmetry , The value 
of p , 0,937 indicates a low degree of eovaleney. 
Taking the above values for (x:>^)i (1^2^ ^^^ il^rt)t *he 
L,F,S.E. (l igand f ie ld s t ab i l i z a t i on energy) comes out to be 
22,80 Kcal/mole. The spectrum also allows a calcula t ion of the 
term separation 13670 cm corresponding t o about 
94.29^ of the free ion value. 
Thermogravimetric analysis of cobalt(II)-PDTTPA complex 
shows i n i t i a l weight loss at 110 C corresponding t o two water 
27 
molecules (loss in weight calcd. = 5.3^ 5^ , Found = 5»30%) as 
lattice water and further weight loss at 140-180 C corresponding 
to two water molecules (loss in weight, calcd. a 10.68%, Found = 
10.65%) as coordinated water. 
Nickel(II)-PDTTPA Complex; The nickel(II) with electronic 
configuration 3d is expected to form an octahedral, tetrahedral 
or diamagnetic squareplanar complexes. However, the possibility 
of paramagnetic squareplanar complex can not he ruled out as 
128 
suggested hy Maki • The available effective moment data for 
Ni(II)-complexes clearly indicate a range fr<Ma 2,80 to 3.50 B.M. 
for high-Spin octahedral and for tetrahedral , 3,60 to 
4.00 B.M, The observed magnetic moment value of 2,48 B.M, per 
nickel(II) ion in Ni(II)-pDTTPA complex (table 1) is very near 
to lower limit of the octahedral complexes, indicating octahedral 
nature of the complex. 
This conclusion is further supported by the electronic 
Spectrum of the complex which shows four bands (Fig. 1) appearing 
-1 -1 1 1 
at 8690 cm , 14700 cm , 25000 cm" and 357^0 cm" (table 2). 
A large number of octahedral Ni(II)-complexes have been reported 
to exhibi t three spin-allowed bands in the region, 8000 to 
-1 -1 1 
13000 cm (xJ j ) , 15000 to 19000 cm ('1^2^ ^^^ 25000 t o 290OO cm" 
(•)3-) corresponding to t r ans i t i ons A^ — ^ ^2z^^^* 2 ~~^ 
' T ^ (F), ^Ag —> ^T^ (P) respect ively . In the present case, 
N1(II)-PDTTPA complex, the observed t rans i t ions may be assigned 
as8 \ g - ^ \ g ( F ) at 8690 cm'^ ix>^), \ ^ - ^ \ g ( F ) a t 
14700 cm"^ (OlJg) and ^Agg — ^ ^T2g(P) at 25000 cm"^ ( o J j ) . 
28 
These bands are very similar to those of nickel equate, 
iNiCHgO)^! , which shows transitions at 8500 cm (x)^), 
-1 -i 12Q 
13500 cm (xig) ^^^ 25300 cm (^ 33) ^. It is likely that the 
complex is of D.h S3nmnetry, The observed electronic spectrum 
8000 to 30000 cm" can well be interpreted in terms of metal ion 
surrounded by weak ligand field of microsymmetiy. The ligand 
splitting energy, io Dq is taken equal to the energy of the first 
transition ("V^j^) and Hacah parameter, B was calculated fromU^, 
130 
XJ 2 andiJ- bands energy using the diagonal sum rulej 
15 B = i J 2 + - 0 3 - 3:Uj 
This i s fur ther confirmed by comparing the separation (Xobs) of 
iJ 2 a n d ^ - bands, 10300 cm" , with those calculated value (Xcal) 
-1 
of 108^0 cm on the bas is of octahedral symmetry. The value of 
1 131 
(Xcal - Xobs) + 540 cm" i s within the usual l imi t for 
undis tor ted octahedral nickel complex. Further for te t ragonal 
Ni(II)-c<Miplexes, values ofi^2/'^± ®re found s ign i f i can t ly grea ter 
than the usual range for octahedral complexes and scHnetimes greater 
than the usual range for octahedral ccwiplexes and sometimes greater 
than the theore t ica l l imi t of 1,80 for octahedral symmetry. The 
126 '5 ''! 
i n t e rac t ion between high-spin T^ (p) and ^^-(F) s t a t e s 
gradually lowers the r a t i o "^ Jx) A from the theore t i ca l value of 
1,80 t o calculated value of 1,50 to 1,70 and the values of about 
1,60 to 1,70 are common for Ni(II)-complexes of octahedral 
symmetiy. In the present c a s e ^ 2 / ^ 1 ^®*^° ®* I .69 i s 
c h a r a c t e r i s t i c of the octahedral Ni(lI)-complex. 
29 
The ligand f i e ld s t a M l i z a t i o n energy (L.P.S.E.) comes 
out t o be 17.37 Kcai/mole and E( p) - £ ( T ) , term separation of 
13630 cm" corresponds to about 86.05?^ of the free ion value, 
/BO 00^*1 The reduction of B a f t e r multiplying L the so cal led 
132 \Bo Ni^V 
nephelauxetic effect seem to be more effect ive fo r Co(II) 
than for N i ( I I ) . 
Thermogravimetric analysis shows i n i t i a l weight loss a t 
110*C corresponding to two water molecules ( loss in weight ca lcd. 
- 5.35%, Found = 5,32S&) as l a t t i c e water and fur ther weight loss 
a t 140-180 C corresponding to two water molecules ( loss in weight, 
ca lcd . = 10.70%, Found == 10.75%) as coordinated water. 
Copperdl^-PDTTPA Ccwiplex: Copper has an e lec t ron ic configuration 
Q 2 
3d^4s and, therefore , the free Cu(II) ion would have the effect ive 
9 2 
e lec t ronic configuraticn of 3d , ground term Eg, The spin-only 
magnetic moment value for the Cu(II) i s 1,73 B.M, A great majority 
of Cu(Il)-complexes show normal magnetic moment of 1,75 to 2,20 
102 B.M, indica t ing the absence of any appreciable spin coupling 
between unpaired electrons belonging to d i f ferent copper atoms. 
103 According t o Figgis , the magnetic moment value for t e t rahedra l 
i s ^ 1,90 B.M., whereas for squareplanar and octahedral Cu(II) 
species i s ^ 1,90 B.M, As the difference in the magnetic moment 
values i s small, the same can not be used for t h e . s t r u c t u r a l 
determination of Cu(II)-complexes. On the other hand, a number 
of Cu(II)-complexes have been reported to show a subnormal 
magnetic moment <^  ^.73 B.M, ^ Some Cu(I I ) -ca rboxyla tes^5 and 
30 
the so cal led t r i -coordinated Cu(II)-complex belong to th i s 
ca tegory . However, the suhnormal magnetic moment i s not ohserved 
in a l l carboxyl group bridged polymers e .g . Cu(II)-benzoate 
t r ihydra te shows a magnetic moment of 1.87 B.M. i n s p i t e of i t s 
133 l i n e a r polymeric s t ruc ture , The observed magnetic moment ol 
1,92 B.M. per Cu(Il) ion ( table 1) of Cu(II)-PBTTpA complex 
suggests a octahedral nature of the complex. 
The electronic spectrum of an octahedrally coordinated 
Cu(II)-PDTTPA ccmplex should normally exhibit absorption band 
2 2 2 
due t o Eg ""^ T2g t r a n s i t i o n . The Eg s t a t e i s highly 
suscept ible to Jahn-Teller d i s to r t ion and no Cu(II)-complex should 
have a regular octahedral symmetry. The d i s to r t ion causes 
broadening or even s p l i t t i n g of the absorption bands. Therefore, 
a l l the s ix coordinated Cu(II)-complexes are tetragonal with 
D^h or C^v syuffiietry or rhombic with CgV symmetry. In D.h symnetry, 
the fi and Tg^ leve l s of the T) free ion term wi l l fur ther s p l i t 
i n t o B^ , A^ , Eg and E leve l s respectively and the energy leve l 
134 
sequence wi l l depend upon the amount of d i s to r t i on . The 
observed band at 14700 cm" (Fig, 1) , ( tab le 2 ) , seems t o exclude 
the squareplanar form, as the squareplanar Cu(II)-complexes 
generally show two bands of nearly equal i n t ens i t y , corresponding 
to the t r a n s i t i o n s , B^ —> A^ and ^B^ —^ ^E , l i k e the one 
i 
reported I5000 and 18000 cm" bands for squareplanar C a ( I I ) - b i s . 
(acetylacetonate) complex ' . Therefore, i t may be concluded 
t h a t the Cu(ll)-PDTIPA complex i s of d i s to r t ed octahedral s t r u c t u r e . 
Hence, the band at 14700 cm" has been iden t i f i ed as the t r a n s i t i o n 
31 
Thermogravimetric analysis shows i n i t i a l weight loss 
at l l o C corresponding to two water molecules ( loss in weight, 
calcd. = 5.27^, Found = 5.20%) as l a t t i c e water and fur ther 
weight loss a t 140-180 C corresponding to two water molecules 
( loss in weight, calcd, = 10.5^^, Found a 10.50%) as coordinated 
water. 
Manganese{II)-PPTTPA Complex; Manganese(II) ion has an effect ive 
5 
e lec t ronic configuration 3d and i t should exhibit paramagnetism 
corresponding to five unpaired e lec t rons . The manganese(II)-
thiocarhoxylates complexes have magnetic moment value ranging 
from 5.67 t o 5,99 B.M., which i s in agreement with the general ly 
accepted value of 5,60 to 6, l0 B.M. for high-spin complexes of 
octahedral microsymmetry ^ , The observed magnetic moment value 
5.62 B.M, ( table 1) i s very close to the lower l imi t of the 
aforesaid range generally accepted for spin-free octahedral 
stereochemistry. 
The electronic spectrum of >in(II)-PDTTpA complex (Fig, 2) 
( tab le 2) can be Interpreted s imilar to tha t of manganese aquate 
Mn(H20)^ , in terms of the metal ion surrounded by weak ligand 
f i e ld of microsymmetry. The ground term of d"* configuration i s 
the Aji^ -. Consequently, there wi l l be no spin allowed t r a n s i t i o n s , 
O 
The t r a n s i t i o n s of the spectrum are assigned from A^  ground term 
to quartet excited term. The lowest quartet is the T. (G) 
k 
followed by '^2s^^^* *^*® first two bands of the spectrum are 
139 fitted to these transitions •^, The assignments to remaining 
-i—-L.-,—u. 
"I'l 
m 
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observed bands a r e : ^A^^^—> '^'^igi^) a* ^6^00 cm"^, ^A^^^^—> *A^g(G) 
a t 25000 cm~ , A^g^—^ T2g(G) at 22220 cm" , The fourth hand 
which appears at 38460 cm~ i s due t o charge t r a n s f e r . The Racah 
parameter B, w%s calculated using the re la t ion ^^, Ajg(F) —"^  
Tj^  (G)/24,0 « B and comes out to he 68330 cm . Ligand f i e ld 
s p l i t t i n g energy, D_, was calculated using the r e l a t ion Dq/B = 1.1 
and comes out to he 751.6 cm" . The Ep term separation calculated 
comes out to he ±0248.5 cm" , This corresponds to about 79.5?^ of 
the free ion value. The value of p , 0,795, indicates a low degree 
of covalency. 
Thermogravimetric analysis shows weight loss a t ilO C 
corresponding to two water molecules ( loss in weight, ca lcd , = 5.41%, 
Found = 5.42^ as l a t t i c e water) and fur ther weight loss a t 
180-200 C corresponding to two water molecules ( loss in weight, 
calcd, ss 10,83, Found = 10,88%) as coordinated water. 
Chromium ( I I I )-H)TTPA Complex: The chromium(III) ion has an 
effect ive e lect ronic configuration of 3^ and as such i t should 
show the paramagnetism corresponding to three unpaired e lect rons 
in an octahedral environm^t . The most of the polymeric C r ( I I I ) -
thiodicarboxylate complexes show magnetic moment very close to 
140,141 
Spin only frcmi 3.28-3.88 B.M. in an octahedral stereochemistry 
Our observed magnetic moment value i s 2.88 B.M, per atom ( t ab le 1) 
which i s considerably lower than the one reported above ind ica t ing 
the presence of spinorbi ta l coupling within the complex formed but 
does not exclude the polymeric s t ruc tu re . The propert ies of the 
ccHnplex are quite different from those of the bivalent one. 
34 
indicating a polymeric structure of Me LOH type complex showing 
no tendency of substitution by other anions. It seems probable 
for these hydroxy groups to act as bridges between the metal atoms 
forming polymeric chains. This view is further supported by the 
magnetic moment of the chromic ccwiplex formed which is typical 
of an hydroxy bridge polymer as well as by the insolubility of the 
complex in benzene and chloroform accompanied by its mailted 
swelling, which is a further positive evidence for the presence 
of linear chain as the predominating species with the cross 
142 
linkage • 
Thermogravimetric analysis of Cr(III)-H)TTFA complex 
shows initial weight loss at llO C. This corresponds to two water 
molecules (loss in weight, Calcd, = 5.47%, Found = 5.^0%) as 
lattice water. 
Assuming as cubic octahedral field to be present, the 
k 
electronic ground state would be a A2g state arising from the 
3 
strong field configuration (t2g) » other states springing from 
this configuration are Eg, ^ T^ ^ and ^Tgg. The next strong field 
2 h 
configuration is (tg ) (eg), producing the quartet states Tg and 
T^ , where the energy separation between the two lower levels, 
Ag and T^ , is lo Dq, Thus, in the Cr(III)-complex the energy 
of the longest wavelength peak should give a good approximation of 
the crystal field parameter 10 Bq "', These transitions may be 
assigned as: \ ^ — ^ %g(F)(x3l), \ g —^ \g(F)(x^2) ^ ^ 
A ^ — ^ ^lg^^)('^3) ®°^ ^ P^ '^  forbidden transition \ — ^ S . 
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The electronic spectrum of Cr(III)-PDTTPA complex, table 2, Fig. 2, 
- 1 1 1 
shows bands at 16670 cm (l^i), 22220 cm ("1^ 2) ^ ^ 38460 cm" 
("33,)• The transition at 14^25 cm" is Just the spin forbidden 
transition. It is likely that the complex is of octahedral 
_1 
symmetry. The electronic spectra in the range 8000 cm to 
40000 cm can be interpreted in term of a metal ion surrounded 
by an intermediate ligand field of octahedral microsymmetry. The 
ligand field splitting energy, 10 Dq was taken equal to the first 
transition {"P ^ ) and Racah parameter, B was calculated from {\J^), 
130 (•iio) and (i3,) band energies using the diagonal SUB rule,"^  
15 B = 13 2 +'^3 - 5"»-^i 
The value of 1-^3/1)1 was found to be 2,31, which i s greater than 
130 2,02 a value generally accepted for a regular octahedral complex , 
This indica tes that the complex has a te t ragonal or d i s to r t ed 
octahedral microsymmetry. The ligand f i e l d s t ab i l i z a t i on energy 
(L.P.S.E.) comes out to be 57.01 Kcal/mole, The spectrum also 
allows a calculat ion of the , E( P ) - E ( T ) , term separation which 
_1 
comes out to be 10665 cm , This corresponds t o about 77,28^ of 
the free ion value. 
IrondlD-fPTTpA Complex; Iron ( I I I ) has an effective e lec t ron ic 
5 
configuration of d^ and i s expected to show paramagnetism 
corresponding to five unpaired e lec t rons , spins in an octahedral 
environment. The magnetic moment for spin free Fe(III)-complex 
138 
should l i e in the range 5,70 to 6.10 B.M, However, some of the 
36 
thiodicarboxylates of F e ( I I I ) have been reported with laagnetic 
moment values ranging from 3.24 to 3.75 B,M. In octahedral 
symmetry * • Our observed magnetic moment oX 3.90 B,M, i s 
qui te close t o the one reported above ( table 1 ) , The chemical 
behaviour of the Fe(III)-complex i s quite analogous t o the 
Cr( I I I ) - th iodicarboxyla te complex, indicat ing a polymeric 
s t ruc tu re of Me LOH type, where the hydroxyl group acts as a 
bridge between the metal atoms. This view i s fur ther supported 
spec ia l ly by the magnetic moment of the f e r r i c complex which i s 
typ ica l of an hydroxy-bridge polymer. I t s negl ig ib le so lub i l i t y 
in benzene and chloroform accompanied by mailed swelling i s 
another evidence for the presence of l inea r chain as the 
predominating species with the cross linkage . Such behaviour 
i s typical of a substance containing water in cav i t i e s of a 
polymeric s t ruc tu re . 
Assuming a cubic octahedral f i e ld to be present , the 
e lec t ron ic ground s t a t e wi l l be A^ ( tab le 2) (Fig. 2 ) . The 
observed bands may be assigned as follows ^- A±„{F) —^ 
^Tlg(tg)*(eg) at U780 cm'S %g{F) —^ \ g ( t 2 g ) ' * ( e g ) at 
15100 cm"^, ^Aig(F) —>*Eg( t2g) ' (eg)^ at 22220 cm"^ and 
S g ( F ) —^ \g(*2g) ' («g)^ ^* 25000 cm-^. 
A comparison of the spectrum of the Fe(III)-PDTTpA complex 
with t h a t of Fe ( I I I ) coordinated with s ix oxygen atoms shows these 
t o be s imi la r in which the calculated value of 10 T>„ = 14780 cm"^ 
i s in good agreement with the value of 10 Dq = I4700 cm" for the 
equated F e ( I I I ) - i o n . This suggests that the e lec t ronic spectrum 
37 
of Fe(III)-P5>TTPA complex can well be in terpre ted in terms ol 
metal ion surrounded by weak ligand f i e ld of octahedral 
microsymmetry, 
Thennogravimetrie analysis of Fe(III)-PDTTPA complex 
shows i n i t i a l weight loss at llO C, This corresponds t o two 
water molecules ( loss in weight Calcd. = 5.^1^, Found = 5.4o^) 
as l a t t i c e water, 
Z i n c ( I l ) . Cadmium(II) and Mercury(II) Complexes with FDTTPA: Zinc, 
10 2 
cadmium and mercury have an e lec t ronic configuration d s , In 
the elements of lb group, the f i l l e d d-subshells lose one or two 
electrons to give ions or complexes in the ( I ) and ( I I ) oxidation 
s t a t e s but for group-II elements, there i s no evidence for oxidation 
s t a t e s higher than two. Therefore, a l l Zn( I I ) , Cd(II) and Hg(II) 
complexes should be diamagnetic and wi l l have no ligand f i e ld 
s t a b i l i z a t i o n effects owing to complete d-subshe l l s . All these 
form s t ab l e complexes with PDTTPA and also with sulphur containing 
lkk-lh8 l igands , Zn(II) and Cd(II) complexes are white while 
Hg(II) complex i s grey, so l id , diamagnetic and insoluble in water 
as well as in common organic solvents except acetone, Kie 
e lect ronic spectra of these complexes were found p rac t i ca l l y 
iden t i ca l with that of the ligand H)TTPA. The infrared measurements 
coupled with the diamagnetic nature of these complexes indica te 
tha t the metal ion i s coordinated t e t rahedra l ly through oxygen 
atoms of the carbojQrlic groups of the l igand. 
Infrared Spectrat The infrared spectra of the ligand and the 
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complexes were recorded in the region of 4000-^00 CM . The 
important IR absorption bands and the i r t en t a t i ve assignments 
( table 3) (Figs , 5-8) were obtained with reference t o the spectra 
of the other carboxylate complexes as well as those of th io and 
amino acids complexes^^7-1^9^ In the ligand,')-^(C-S) at 625 cm"^, 
- i -1 
710 cm and 750 cm i s shif ted to lower frequency showing that 
coordination takes place through sulphur atom s imi la r to analogous 
53-57 150-154 systems of thiopolycarboxylic metal complexes'' -"» -' 
The 1^ (-C00) symmetric s t re tch ing band at 1410 cm* 
in the ligand also shif ted t o the lower frequency in the complexes. 
The "0 (-000) antisymmetric s t re tch ing band of these complexes 
sh i f ted to lower frequency in the region 1570-1610 cm" , These 
values correspond t o those of glycinate and other amino acid 
COTiplexes, The bridging carboxylic groups of metal carboxylate 
complexes a l so show an absorption in this region. Ibe observed 
-1 
strong band near 3400 cm indicates the presence of water 
molecules in the complexes. The second observed band at 90O cm 
was assigned to coordinated water molecules which was further 
supported by thermogravimetric analysis indicat ing the loss of 
two molecules of water at 140-200 C in a l l these complexes except 
2 n ( I l ) , Od(II) and Hg(II)-PDTTPA complexes. Thus, i t i s concluded 
tha t in these complexes two water molecules are as l a t t i c e water 
and the remaining two water molecules present are as coordinated 
water . I t i s , therefore , concluded tha t coordination takes place 
through both sulphur and carboxylate groups. The coordination 
pos i t ions are occupied by the bonding and non-bonding oxygen atoms 
-1 
a 
of the carbosylic groups, sulphur atoms and coordinated water 
molecules thereby making the complexes ol an octahedral 
stereochemistry. 
In the case of Zn(II), Cd(II) and Hg(II)-H)TTPA complexes, 
which have no hound water molecules, the coordination numher of 
the metal Ion could he four and coordinated tetrahedrally In which 
all the coordination sites could he occupied hy oxygen atoms or 
oxygen and sulphur atoms. 
In the present case of Fe(III) and Cr(III)-PDTTPA complexes, 
—1 -1 —1 
strong hands at 1016 cm" , 1075 cm" and 1080 cm" show the 
presence of'>^(-OH) hridging vihrations. This Is in accordance 
with the chemical hehaviour of a typical of an hydroxy bridge 
complex. This suggests that the two OH groups in Fe(III) and 
Cr(III)-PBTTPA complexes occupy two coordinated positions thereby 
making the complex of an octahedral stereochemistry. The bands 
-1 —1 —1 
at 890 cm" , 980 cm"* and 990 cm" show the presence of coordinated 
water molecule which was also confirmed by thermogravimetric 
analysis. 
Thus in these complexes, s ix coordination s i t e s are 
occupied by sulphur atoms, oxygen atoms from carboxylic groups 
and hydroxy groups. Thus, infrared spec t ra l studies support the 
analys is and electronic spectral findings as reported above. 
Conclusions 2,2^2 ,2 - (Pantane-l ,5-diyi ldene t e t r a t h i o ) t e t r a 
(propionic ac id) , PBTTPA, C^ EggOgS^ ^ forms s tab le 2:lj:M;L type 
45 
coloured complexes with cotoal t(II) , n i c k e l ( I I ) , chroiiLuB(III), 
i r o n ( I I I ) , manganese(II), copper(I I ) , z i n c ( I I ) , cadniiuia(II) and 
mercury(II) and t h e i r s t ruc ture have heen characterized on the 
has i s ol elemental analysis , magnetic measurements, thermogravl-
metric ana lys is , infrared and electronic spec t ra l s tud ies . I t 
was found t h a t cohal t{II) and nicl£el(II)-iOTfPA complexes are 
h i ^ spin octahedral , copper(II)-.PDT3!PA complex i s d i s to r t ed 
octahedral manganese(II)-I^TTPA ccmiplex i s spin free octahedral , 
chromium(III), iron(III)-PDTIPA complexes are polymeric octahedral 
while complexes of z i n c ( I I ) , cadmlum(II) and mercuiy(II)-lOTTPA 
ccanplexes are t e t r ahed ra l . 
C H A P T E E ~ I I I 
SYNIHBSIS 4^ND CHARACTJBHIZATION OF SALICYLALDEHYDEDl'miOGLYCEROL 
ANB ITS COMPLEXES IflTH COBALT(II). NICKEL(II). C0PP£R(II>. 
glNC(ll). CJU)MIPM(II) AND MEHCUHy(lI) 
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C H A P T E R - I I I 
SSPERIHENTAL 
1, Materials and Physical Measurements 
Thioglycerol of 90?i pur i ty N,F.Grade (Evans Chemetics, 
New York) was used as such without further p u r i l i c a t i o n . All 
other chemicals used were of A,R,Grade, Double f 'xst i l led water 
and acetone were used as solvents in preparing solut ion of metal 
s a l t s and the l igand. Other physical measurements were same as 
described in chapter I , 
2 , Preparation of the Ligand 
Salicylaldehydedithioglvceroli Salicylaldehyde 12.2 g (O.l mole) 
and thioglycerol 22.032 g (0.2 mole) were mixed and 10 ml of 
concentrated HCl was added with s t i r r i n g . Hie solution was heated 
gently on heating p la te for^-^^ 8 hours. The product was then 
allowed t o cool in re f r ige ra to r . After 72 hours, the red colour 
viscour l iquid was so l id i f i ed . The product was washed with water, 
alcohol then f i na l ly with acetone, y ie ld^^25»6 g, 80jt. The 
course of the reacticm can be represented as follows; 
vCH 
2 H0H.C-CH0H-CH„-SH+0HC-C V ^CH ^ \ 
^ \ \\ -V 
HO-C v ^ CH 
HC 
^ S-CHg-CHOH-CHgOH 
I ;.0H S-CH2-CHOH-CH2OH 
SDTG 
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3» P r e p a r a t i o n ol t h e Complexes 
Cotoalt(11)-SDTG Complex; An aqueous s o l u t i o n of t h e metal s a l t 
( coba l t c h l o r i d e hexahydrate) O.OlM lOO sal was added t o a s o l u t i o n 
of SDTG o.OlM, 100 ml in ace tone , A few drops of conc.NaOH 
s o l u t i o n was added t o ad jus t the pH around 7 . 5 , a brown co lour 
complex s e p a r a t e s ou t . This was d iges t ed a t room tempera ture 
f o r 2h hou r s , f i l t e r e d , washed with water then with water and 
acetone (1 :1 ) and dr ied i n vacuum d e s i c c a t o r . I t forms suspension 
with t r i t o n X 100. 
Kicl£el(II)~SDTG Complex; A greenish c o l o u r complex was prepared 
by t h e same procedure as in Co(II)-SDTG complex desc r ibed above 
us ing n i c k e l c h l o r i d e hexahydra te . The pH of the s o l u t i o n was 
7 . 0 . I t s s o l u b i l i t y was s i m i l a r t o t h a t of Co(II)-SDTG complex. 
Copper(II)-SDTG Complex; Dark green co lou r complex was prepared 
by the same procedure as i n Co(II)-SDTG complex desc r ibed above 
using c u p r i c c h l o r i d e . The pH of the s o l u t i o n was 6 , 7 , I t s 
s o l u b i l i t y was s i m i l a r t o t h a t of Co(II)-SDTG complex, 
Z i n c ( I I ) . Cadmium(II) and Mercuiy(II)-SDTG Complexes; An aqueous 
s o l u t i o n of metal c h l o r i d e O.OlM, iOO ml was added t o an equimole-
c u l a r s o l u t i o n of the c h e l a t i n g agent i n ace tone . Few drops of 
NaOH s o l u t i o n was added t o ad jus t the pH around 6 .0 , 5.0 and 2,o 
r e s p e c t i v e l y , l i g h t ye l low, l i g h t orange and pink colour complexes 
s e p a r a t e o u t . These complexes were d i g e s t e d a t room tempera ture 
fo r 12 hour s , f i l t e r e d , washed with water then with wa te r and 
acetone (1:1) and dried in vacuum des iccator . These complexes 
were found to be insoluble in water and form suspension with 
tr i tonX 100. 
RESULTS AND DISCUSSION 
The structure of the new chelat ing agent i s supported by 
(a) elemental ana lys i s , (b) the I .R, absorption spectra, and 
( c ) f a i lure t o give a p o s i t i v e t e s t for a free sulphydryl group. 
The percentage of C, H and S on analys is were found to be in 
e x c e l l e n t agreement with those calculated for the above s t ruc ture . 
The most s t r i k i n g evidence for the structure of the che lat ing 
agent are: (a) the disappearance of the -SH s tre tch ing absorption 
band shown by th iog lycerol in the region 2570 cm" , and (b) 
sharpening and in tens i fy ing of the C-S s tre tch ing region near 
700 cm" compared to that observed for t h i o g l y c e r o l . A f i n a l 
p iece of the experimental evidence which confirms the above 
structure of the che lat ing agent i s the fact that so lut ion of the 
che la t ing agent f a i l s t o produce any blue colour with FeCl|2 
II9-I22 
so lu t ion . The r e s u l t s are given in tables k and 5, The 
decomposition temperatures are above 330 C indicate that complexes 
are thermally quite s t a b l e , 
Cobalt(II)-SDTG Complex: Cobalt has an e lec tronic configuration 
3d'4s , The hexa coordinated c(»nplexes of d' Ion such as c o b a l t ( I I ) 
would be high spin at the weak f i e l d and low spin at high f i e l d 
l i m i t of the ligand f i e l d . The two s t a t e s are expected to have 
comparable s t a b i l i t i e s somewhere between the two extremes within 
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a r e l a t i v e l y snai l range of f ie ld s t rength •^'^, The spin orbi t 
coupling constant for coha l t ( I I ) ion I s / = 170 cm" 
Consequently, a high spin octahedral complex ( T^ ground term) 
should lead to a magnetic moment of about 5*20 B.M, at 300 K or 
some what lower If there i s any d i s to r t i on in the regular 
octahedron as reported in many high spin octahedral complexes of 
c o h a l t ( I I ) * . On the spin pair ing assumption seven d-electrons 
4 1 give the configuration h2g eg a^g with unpaired electron housed 
in the A^ orb i ta l (S s i ) ^ ^ . All squareplanar and te t ragonal 
ones are of the low spin type having one unpaired e l ec t ron . 
However, there i s a very large orbi ta l contribution to the magnetic 
moment so tha t the effect ive magnetic moment for these complexes 
generally l i e s in the range 2.20 to 2,90 B,M.^^^ Again i t i s well 
known t h a t six coordinated low spin complexes exhibit magnetic 
moment only s l igh t ly higher than the spin only value v i z , 1,90 to 
124 2.0 B.M, 
Our observed magnetic value of 2,69 B.M. for cobalt(II)-SDTG 
complex table 4, suggests squareplanar stereochemistry of the 
04 05 
complex. I t i s also supported by the view of Nyholm^ *^ that the 
double bonding between the ligand atom and the metal^atom i s an 
important fac tor favouring the squareplanar configuration, "Hie 
two strong T\ -bond can be formed at r igh t angles, using 3d-electron 
pai rs of a t r ans i t ion metal atom and vacant p or d-orb l ta l s on the 
ligand atom. Thus, the l igand containing atoms or groups capable 
of forming double bonds with metal atom e .g , S, do form square-
planar complexes with bivalent nickel and cobalt atoms. Hence the 
52 
squareplanar stereochemistry is suggested lor the ahove 
col)alt(II)-SDTG complex. 
The theoretical development of the electronic spectrum 
158 
also lags behind lor comparison • The electronic spectrum ol 
cobalt(II)-SDTG complex (Fig, 3) consists ol only one broad 
-1 
transition band at 16670 cm « The order ol the energy levels 
±2k 
was deduced Irom a simple point, charge modle • In a lield 
strong enough to cause spin pairing, the seven electrons ol Co(II) 
2 
would be distributed as lollows; 2 in the d orbital, h in the dxy, 
dyz degenerate set and linally one in the dxy and it is the last 
electron alone which is responsible lor the magnetic properties ol 
the complex lormed. The magnetic moment should correspond to the 
spin only value lor one unpaired electron spin multiplied by a 
2A 
lactor ol i * "S" » ^^^^^ A is the single electron spin orbit 
coupling constant, and A. is the separation between the dxy orbital 
and its neighbouring levels. However, this ellect is sullicient 
to account lor moment ol only value i.e, upto about 2,0 B,M. This 
complex is undoubtedly planar since this stereochemistry is imposed 
by the ligand. This is lurther supported by the I,R. spectral 
studies. 
Nickel(II)~SDTG Complex; The n icke l ( I I ) ion with an e lec t ronic 
eonliguration 3d i s expected to lorm an octahedral or t e t r ahedra l 
or diamagnetic square planar complexes. However, the p o s s i b i l i t y 
ol paramagnetic squareplanar complex can not be ruled out as 
128 
suggested by Maki ° , The available e l l e c t i v e magnetic moment 
data lor nickel(II)-complexes c lear ly ind ica tes a range Irom 
53 
2,80 to 3,50 B,M. for high spin octahedral and for te t ragonal 
3,60 t o 4,00 B.M, "> " , The n i cke l ( I I ) complexes of t h i o l s 
were usually found to he diamagnetic and soluble in non-aqueous 
9k 95 polar solvents * , Our observed magnetic moment value h,k6 BJM, 
for nickel(II)-SDTG complex ( table 4) suggests tetragonal 
stereochemistry of the complex ^ , This conclusion i s fur ther 
supported by the electronic spectrum of the complex which shows 
-1 -1 -1 
three bands (Fig, 3) appearing at 5260 cm , 8330 cm and 17240 cm . 
3 
These observed bands may be assigned as follows: T^ (F) —^ 
\ g ( F ) a t 8330 cm"^ ( l ^ ^ ) , ^T^g(F) —> \{v) at 17240 cm"^ ( l ^ j ) , 
«1 
The th i rd band observed at 5260 cm i s due to the t r ans i t i on 
3 3 
T.(F) —^ TgCF), The l igand f ie ld parameters have been calculated 
102 
using the semiempirical r e l a t ions , 
Ibus the c rys t a l f ie ld parameter B and Dq comes out to be 
945 cm" and 449 cm" respect ively . The posit ion of the band for 
3 3 
the t r a n s i t i o n T^(F) —^ T2(F) has been calculated and comes out 
to be 3800 cm" which i s in good agreement with the observed band 
at 5260 cm" , This i s fur ther supported by the I ,R, spec t ra l 
s t u d i e s , 
Copper(II)-SDTG Complex: Copper has an electronic configuration 
3d94s^ and, therefore, the free copper(II) ion would have the 
effect ive electronic configuration of 3d^, ground term fig. The 
spin only moment value for the copper(II) complexes show normal 
magnetic moment of 1,75 to 2,20 B.M,-*^ ^^  indica t ing the absence of 
any appreciable spin coupling t o different copper atcxas. According 
5i 
to Figgis ^^, the magnetic moment value l o r te t rahedra l i s 
^ 1 , 9 0 B,M. whereas for squareplanar and octahedral copper(II) 
species is<^ 1.90 B,M. As the difference in the magnetic moment 
values i s small, the same can not he used for the s t r u c t u r a l 
determination of eopper(II)-ccHnplexes. On the other hand, a 
number of copper(II)-complexes have been reported to show a 
subnormal magnetic moment <11.73 B.M, . Some Cu(II)-carbozylates 
and so called t r icoordinated Cu(II)-complex belongs to t h i s 
category . However, the subnormal magnetic moment i s not 
observed in a l l carboxyl group bridged polymers, e .g . Cu ( I l ) -
benzoate t r ihydra te shows a magnetic moment of 1.87 B«M, in sp i t e 
133 
of i t s l i nea r polymeric s t ruc tu re , The observed magnetic 
moment of 2.20 B,H, of Cu(Il)-SBTG complex suggests the octahedral 
stereochemistry of the complex ( tab le 4 ) , 
The e lec t ronic spectrum of an octahedrally coordinated 
Cu(Il)-SDTG complex should normally exhibit absorption band due 
2 2 2 
to E —^ Tg t r a n s i t i o n . The E s t a t e i s highly suscept ible 
to Johan-Teller d i s to r t ion and no copper (I I)-complex should have 
a regular octahedral symmetry. The d i s to r t ion causes broadening 
or even s p l i t t i n g of the absorption bands. Therefore, a l l s ix 
coordinated copper(II)-complexes are tetragonal with D h or C.V 
symmetry or rhombic with CgV symnetry. In D.h synmetry, the 
E and T^ leve ls of the 2D free Ion term wi l l fur ther s p l i t in to 
B^ , A^ , Bg and E levels respect ively and the energy l eve l 
sequence wi l l depend on the amount of d i s to r t ion •^ , The observed 
band a t 14280 cm~ (Fig, 3) seems to exclude the squareplanar form, 
55 
as the squareplanar copper(Il)-complexes generally show two 
hands of nearly equal i n t ens i ty corresponding to the t r a n s i t i o n s : 
^B^ —> ^A^ and %^ —> S , l i ke the reported 15000 cm" and 
18000 cm" hands l o r squareplanar Cu(II ) -h is (acety lacetonate) 
complex •^^" ^', Therefore, i t may he concluded that the 
Cu(II)-.SDTG complex i s of d i s to r ted octahedral s t ruc tu re . Hence 
the hand at 14280 cm" has heen ident i f ied as the t r ans i t i on 
2 2 
E —^ Tg . This i s further supported hy the I .R, spect ra l 
s t u d i e s . 
Z i n c d l ) . Cadmium(H) and Mercury(II)-SDTG Complexesj Zinc, 
,10 2 
cadmium and mercury have an electronic configuration d s , In 
the element of Ih group the f i l l e d she l l s lose one o r two 
d-electrons to give ions or ccwaplexes in the I and I I oxidation 
s t a t e s hut for group I I elements, there i s no evidence for 
oxidation s ta tes higher than two. Therefore, a l l z i n c ( I I ) , 
cadmium(II) and mercury(II)«-SDTG complexes should he diamagnetic 
and w i l l have no l igand f ie ld s t ah i l i z a t i on effects owing to 
complete d-suhshel ls . All these form stahle complexes with 
sulphur containing ligands ^^'' , Zinc ( I I ) , cadmium(II) and 
mercury(II)-SDTG complexes are whit ish yellow, l i g h t orange and 
pinkish in colour respect ively, diamagnetic and insoluhle in water 
as well as in common organic solvents , Hie e lec t ronic spectra of 
the complexes indicate tha t in metal c(»nplexes the metal ion i s 
coordinated te t rahedra l ly through the oj^rgen atrai of the alcoholic 
group and the sulphur atom of the l igand. 
56 
Infrared Spectra; The infrared spectra of the l igand and the 
complexes were recorded in the region 4000 to 400 cm" (Fig , i3a , 
13-15)• The important infrared absorption bands and t h e i r t e n t a t i v e 
assignments were obtained with reference to the spectra of t h io 
147-14Q \ -1 
and amino acid complexes ^, In the l i gandV C-S at 665 cm 
and 730 cm"" on coordination shifted t o the lower frequency showing 
t h a t the coordination takes place t h r o u ^ sulphur atom s imi la r to 
53-57 150-154 analogous systems of thiopolycarboxylic metal chelates •" > -' -^  ^ 
The 13 -OH of the primary alcohol at 1045 cm" on coordination also 
shif ted to the lower region showing tha t coordination takes place 
through the hydroxyl group of the primary alcohol• Thus, i t forms 
the squareplanar and te t rahedra l complexes. In case of Cu(II)-SDTG 
N - 1 
complex, t h e V -OH at 1100 cm of secondary alcohol also shifted 
to Ihe lower frequency showing that coordination also takes place 
through the hydroxyl group of the secondary alcohol to form 
d i s to r t ed octahedral ccanplex. A strong broad band in the region 
3350 to 3450 cm" indica tes the intermolecular hydrogen bonding. 
This i s a lso supported by high melting points of the complexes. 
Conclusiont Salicylaldehydedithioglycerol , SDTG, C^-H^ O-Sg, forms 
s t ab le coloured complexes with c o b a l t ( I I ) , n i c k e l ( I l ) , copper( I I ) , 
z i n c ( I I ) , cadmium(II) and mercury(II) of ljlj:MjL type, Bieir 
s t ruc tu re have been characterized on th8 basis of elemental analys is , 
magnetic measurement, infrared and e lec t ronic spect ra l s t ud i e s . 
Nickel forms te t rahedra l complex, c o b a l t ( I I ) forms squareplanar 
complex, z inc ( I I ) , cadmium(II) and mercury(ll) form te t rahedra l 
complexes while copper(II) forms octahedral complex. In these 
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complexes coordination takes place both through sulphur and 
primary alcoholic group of the ligand. fhus, it forms squareplanar 
and tetrahedral complexes. In case of copper(II)-SBTG coordination 
also takes place through the hydroxyl group of the secondary 
alcohol and forms distorted octahedral. 
O H ^ P T £ H ~ I Y 
PREPAEUkTION AND CHARACTEBIZATION OF GLYCOLPIMERCAFTOfBOPIONATE 
COMPLEXES IflTH COBALT(II), NICKEL(II). COPPER(I), 
MANGANESE(II)« i5INC( l l ) . CADMIUM(ll) ANB MERCUBYdl) 
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C H A P T E R - IV 
SXP£BIM£NTAL 
Materials used and Physical Measurements 
Glycoldi mere apt ©propionate ((a)MPA) of 98«8?6 pur i ty 
(Evans Chemetics, New York) was used as such without fur ther 
p u r i f i c a t i o n . All other chemicals used were of A.R.Grade. 
Bouble d i s t i l l e d water and d i s t i l l e d alcohol were used as solvents 
in preparing solution of metal s a l t s or l igaud. 
The de ta i l s of physical methods are given in Chapters I I 
and I I I . 
STRUCTURE OF IHE LIGAND 
' /Ho~0~C'~CHo—CHn«"bH 
0 
0 
II 
CHg-O -C -CHg-CHg-SH 
cmm 
Preparation of the Complexes 
Cohalt(II)-(H)MPA Complex; An aqueous solut ion of metal chloride 
hexahydrate 2M, 50 ml was added to an equimolecular solut ion of 
the l igand in ethanol . Few drops of concentrated NaOH solut ion 
was added to adjust the pH around 6,0, a pinkish brown colour 
complex separates out . I t was digested on waterhath for 2 hours, 
64 
cooled, f i l t e r e d and washed with water then with water and 
alcohol (1:1) and dried In vacuum des icca tor . I t was insoluble 
in water as well as in coimoon organic solvents but nakes suspension 
with t r i tonX 100 and propyleneglycol, 
Nickel{II)"Ca)MPA Complex! A dark brown sol id complex was prepared 
by the same procedure as above using metal chlor ide , pH of the 
solut ion was 5*0. I t was insoluble in water and other organic 
solvents , but p a r t i a l l y soluble in 001^ and CHC1_ and forms 
suspension with propyleneglycol. 
Copper (I )'-GBMPA Complex; An equimolecular aqueous solut ion of 
metal chloride ^ , 5o ml was added in the ligand solut ion in 
ethanol . A yellow colour complex separates out, Hie pH of the 
solut ion was 5.4, I t was digested at room temperature for k hours, 
f i l t e r e d , washed with water then with water and alcohol ( I j i ) and 
dr ied in vacuum des iccator . I t was insoluble in water as well as 
in common organic so lvents . I t forms suspension with propylene 
glycol but soluble in BMF. 
Managnese(II)-6aiMPA Complext An aqueous solut ion of metal chloride 
0.2M, 50 ml was added to an equimolecular solution of the ligand 
in e thanol . Pew drops of concentrated NaOH solution was added to 
adjust the pH around 7,0, l igh t coffee colour complex separates out. 
I t was digested at 50 C on waterbath for 12 hours, cooled, f i l t e r ed 
and washed with water ikhen with water and alcohol (1:1) and dried 
in vacuum des icca tor . I t was insoluble in water as well as in 
other common organic solvents and forms suspension with propylene 
glycol and pa r t i a l l y soluble in DMSO, 
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Z l n c ( I I ) . Cadmiumdl) and Mercury (I I)-<H3MPA Complexes; An aqueous 
s o l u t i o n of equimolecular metal a c e t a t e s 2M, 100 ml were mixed 
t o the l i g a n d so lu t i on i n e t h a n o l . Few drops of concen t ra ted NaOH 
s o l u t i o n was added t o a d j u s t the pH around 6 ,0 , 5.0 and 6 ,7 ; wh i t e , 
l i g h t pink co lour complexes sepa ra t e out r e s p e c t i v e l y . These were 
i n s o l u b l e i n water and i n comnon organic so lven t s but form 
suspension wi th propylene g l y c o l , 
RESULTS MP DISCUSSION 
The r e s u l t s a re given in t a b l e s 6 - 8 . Kie decomposit ion 
tempera tures which range from 296-3IO C i n d i c a t e t h a t the complexes 
a re the rmal ly qu i t e s t a b l e . 
Cobal t ( I I ) - (a^IPA Complex: Cobalt has an e l e c t r o n i c c o n f i g u r a t i o n 
7 2 7 
3d 4s . !Hie hexacoordinated complexes of d ' ion such as c o b a l t ( I I ) 
would be h igh spin a t the weak f i e l d and low spin a t the h igh 
f i e l d l i m i t of the l i g a n d . The two s t a t e s a re expected t o have 
comparable s t a b i l i t i e s somewhere between two extremes w i th in a 
r e l a t i v e l y small range of f i e l d s t r e n g t h ^ ^ . The spin o r b i t 
-1 77 
coupl ing cons t an t for c o b a l t ( l l ) ion i s / \ = I70 cm , 
4 Consequently, a high spin oc tahedra l complex ( T. ground term) 
should l e a d t o a magnetic moment of 5.20 B,M, a t 300 K or some 
where lower I f t h e r e i s any d i s t o r t i o n in the r e g u l a r octahedron 
156,157 
as r e p o r t e d in many high spin oc tahedra l complexes of c o b a l t ( I I ) 
On the spin p a i r i n g assumption 7d -e l ec t rons g ive the con f igu ra t i on 
4 1 
^2g® S * lg ''I*** °^^ unpaired e l e c t r o n housed in the A. o r b i t a l 
(S = I ) , A l l the squarep lanar and the t e t r a g o n a l ones a re of 
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the low spin type having one unpaired e lec t ron . However, there 
i s a very large orb i ta l contr ihution to the magnetic moment 
so that the effect ive magnetic moment for these cooqplexes generally 
l i e in the range 2,20 to 2,90 B.M, Again i t i s well known t h a t 
s ix coordinated low spin complexes exhibit magnetic moment only 
s l i g h t l y higher than the spin only value v i z , 1,90,to 2,0 B,M, 
Our observed magnetic moment value 1,83 for Co(II)-CaWlpA complex 
( t a b l e 6 ) . The value of t h i s magnetic moment i s quite lower than 
tha t for squareplanar or octahedral complexes, This lowering in 
the magnetic moment i s due to 7\ -bonding effect as observed and 
9k 93 i s supported by the view of Nyholm * , Hence in t h i s case 
simple c ry s t a l f i e l d picture breafcs down. Thus, squareplanar 
stereochemistry i s suggested for Co(II)-0)MPA complex. The 
double bonding between the l igand and the metal atom i s an important 
f a c t o r favouring the squareplanar configuration, Bie two stong 
TV -bonds can be formed at r igh t angles using 3d-electron pa i r s of 
a t r ans i t i on metal at(M and vacant p or d .o rb i t a l s on the l igand 
atom. Thus, the ligands containing atoms or groups capable of 
forming double bonds with metal atom e ,g , S, do form squareplanar 
complexes with bivalent nickel and cobalt atom. Hence, the 
squareplanar stereochemistry i s suggested for the above Co(II)-(9)MPA 
complex. 
The theoretical development of the electronic spectrum 
158 
also legs behind for comparison , The electronic spectrum of 
Co(II)-GDMPA complex (Fig. 4, table 7) consists of only one broad 
»i 
transit! (» band at 18180 cm . The order of the energy levels was 
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deduced from a simple point charge model • In a f i e ld strong 
enough to cause spin pair ing, the seven electrons of coha l t ( I I ) 
2 
would he d i s t r ihu ted as follows: 2 in the dz o r h i t a l , 4 in the dxy, 
dyz degenerate s e t ; and f ina l ly one in the dxy o r b i t a l and i t i s 
the l a s t electron alone which i s responsible for the magnetic 
proper t ies of the complex formed. The magnetic moment should 
correspond to the spin only value for one unpaired electron spin 
mult ipl ied by a fac tor of 1 * "^ ^ » where A i s s ingle electron 
spin o rb i t coupling constant, and t\ i s the separation between 
the dxy o r b i t a l and i t s neighbouring l e v e l s . However, t h i s effect 
i s suf f ic ien t to aceoimt for moment of only value i . e . upto about 
2.0 B.M. This complex i s undoubtedly planar since th i s s t e reo -
chemistry i s imposed by the l igand. Ihis i s fur ther supported 
by the I . B , spec t ra l s tud ies . 
Nickel(Il)-(a)HPA Complex: The n i cke l ( I I ) ion, the e lect ronic 
Q 
configuration 3d i s expected to form octahedral, te t rahedral or 
diamagnetic squareplanar complexes. However, the poss ib i l i t y of 
paramagnetic squareplanar can not be ruled out as suggested by 
128 Maki . The avai lable effective magnetic moment data for n icke l ( I I ) -
complexes c lea r ly indicate a range for high spin octahedral 3,80 to 
3.40 B.M. and for te t rahedra l 3.60 to 4,00 B,M.^^°*^°^ The 
nickel(l l)-complexes of t h io l s were usually found to be diamagnetic 
94 95 
and soluble in non-aqueous polar solvents * , I t has also been 
reported that some squareplanar nickel(II)-complexes exhibit 
moments between zero and the normal value for the octahedral 
complexes 3.2 B.M, when dissolved in coordinating so lven ts . These 
71 
paramagnetic having magnetic moment 2.99 B.M. (table 6), This 
clearly indicates that the nickel(II)-complex contain the nickel 
ion both in squareplanar and in octahedral environments. According 
101 to Nyholm , four coordinated covalent nickel(II)-complexes, when 
diamagnetic are usually red, brown, or yellow and when paramagnetic 
are greenish, Hius, the dark greenish colour ot the Nl(II)-(ja3MPA 
complex further supports the paramagnetism and stereochemistry of 
the complex. 
The conclusion i s further supported by the e lec t ronic 
spectrum of the complex which shows five bands a t 8690 cm , 
- 1 -1 -1 -1 
14700 cm , 16670 cm , 29850 cm and 40000 cm (Fig . 4 , tab le 7 ) . 
The squareplanar nickel(II)-complexes have been shown to have at 
the most three bands. The f i r s t generally appears in most of the 
nickel(II)-complexes in the region 15000 to 18000 cm while the 
Q ^ 1 2 A 
second and th i rd bands are often not observed ' • The observed 
- I - I 
bands a t I666O cm and 17850 cm are the c h a r a c t e r i s t i c bands 
of squareplanar stereochemistry corresponding to t r ans i t i ons 
A. —> a^ and A. —^ A^ respect ively and the bands at 
8690 cm~ and 29850 cm" have been assigned corresponding to the 
t r an s i t i o n ^A^ —> ^Tg (F) and ^Ag —> ^"^ig^^) cha rac t e r i s t i c of 
octahedral species contained in the complex. The octahedral 
environment in the complex being a t ta ined by the free carboxylic 
groups of neighbouring molecules of the l igand. 
Manganese (I I )-Ca)M[pA Complex; Manganese ( I I ) ion has an effective 
5 
conf igurat ioi 3d and should show paramagnetism corresponding to 
72 
l i v e unpaired e lec t rons . Our observed magnetic value i s 6.80 B,M, 
( tab le 6 ) . The Mn(II)-thiopolycarboxylates complexes have magnetic 
moment value ranging Ircm 5,87 to 5»99 BJl . which i s in agreement 
with the generally accepted value of 5.60 to 6.10 B.M, for high spin 
138 
complexes of octahedral microsyninetry . The e lec t ron ic spectrum 
of Mn(II)-flDMPA complex (Fig. 4, table 7) can be in te rp re ted s imi lar 
to tha t of manganous aquate|Mn(H20)t J in term of metal ion 
surrounded by weak ligand f ie ld of microsymmetry. The ground term 
R 6 
of A configuration i s A , Consequently, there w i l l be no spin 
allowed t r a n s i t i o n s . The t r ans i t ions of the spectrum are assigned 
from A. ground term to quartet excited term. The lowest quarted 
term i s the T^  (G) followed by Tg (G), !Hie f i r s t two bands 
139 
of the spectrum are f i t t e d to these t r ans i t i ons , Ttie assignments 
6 4 1 
to the remaining observed bands a re ; A^ —^ T^„ at 12500 cm" , 
^A^g —> ^ i g at 14700 cm"^, ^A^g —^ ^T2g(G) at ±7390 cm"^, me 
-1 fourth band which appears at 30300 cm i s due to charge t r ans fe r . 
139 The Racah parameter, B, was calculated using the re la t ion , 
6 4 1 
Ajg(F) —^ T^  (G)/24 = B and comes out to be 520.8 cm" . Ligand 
f ie ld Sp l i t t ing energy, D , was calculated using re la t ion 
D /B = 1,10 and comes out to be 572,9 cm . The Ep term separation 
calculated comes out to be 7812 cm" and corresponds to about 54,25% 
of free ion value, Bie value of p,0.543 indica tes low degree 
of covalency. 
Copper(l)-GPMPA Cmaplex; !Rie e lec t ronic configuration of copper 
atom i s 3d 4s and, therefore, univalent compounds would be 
diamagnetic with l inea r sp or te t rahedra l sp'^ bonds and except 
73 
where colour r e s u l t s from the anion or charge t r a n s f e r hands 
102 
c o l o u r l e s s . The c o p p e r ( I I ) , however, con ta ins one unpaired e lec -
t ron (conf igura t ion d9) and would he paramagnetic • Ttxe complex 
under s tudy i s diamagnet ic ( t a h l e 6 ) . I t seems, t h e r e f o r e , t h a t 
the c o p p e r ( I I ) ion used for the i s o l a t i o n of the complex has heen 
reduced t o c o p p e r ( l ) during the complex format ion . The r educ t ion 
of c o p p e r ( I I ) t o coppe r ( I ) by organic t h i o l s has a l s o heen r epo r t ed 
93 p r e v i o u s l y , The p o s s i b l e s t eps involved i n the r educ t ion of the 
c o p p e r ( I I ) hy GfDMPA are as under: The coppe r ( I I ) ion i s c h e l a t e d 
i n i t i a l l y hy the l i g a n d giving a t r a n s i t i o n a l complex(I I ) which 
undergoes an i n t e r n a l e l ec t ron t r a n s f e r from one su lphu r t o the 
copper ion t o reduce the r e a c t i v e f r e e r a d i c a l ( I I I ) 
Cu*^ +Ga)MPA 
^ 
CHg-O-C-CHg-^H^-S; 
11 
CH„-0-C-CH„-CH--S 
6 6 lb • * 
I I 
CH„-0-C-CH--CH--S : 
^ M 2 2 / • 
0 ^ 
w 
Cu 
CHg-O-C-CH -CHg-S ; 
I I I 
The r a d i c a l (3)MpA could then d i s s o c i a t e from the copper and then 
74 
couple with another caiMPA radical giving Cu*((a»IPA) ^ complex IV 
which i s then f i n a l l y changed i n t o the Ca(ca»iPA) complex V. 
iJHg-O-C-CHg-CHg-^ 
11 
CH2-0-.C-CH2-CH2-S 
S-i CHg-CHg -C-O-CH, 
Cu 
II 
S-CHg-CHg-^-O-CHg 
(IV) 
CHg-O-C-CHg-CHg-S 
II 
0 
0 
\ l 
^--i 
^ 
Cu 
CHpsrO—C—CHp—CHp—S 
S^Hg-CHg-i 
u 1 ^ 
C-O-CH 
n 0 
S-CHg-CHg-C-O-i CH, 
(V) 
The d i f fuse ref lectance spectra shows no t rans i t ion bands as 
10 
copper(I) has d e lec tronic configuration s i a l l a r to that of l i b 
subgroup elements . The elemental analys is further confirms that 
the ccmplex has copper in univalent s t a t e . The most common 
geometry f o r copper(l) complex having coordination number four 
102 i s tetrahedral . Ilius, the complex under study has tetrahedral 
3 
stereochemistry having sp"^  hybridizat ion. This i s further supported 
by I,R, spectral s tudies which further suggests that during 
complexatlon the coordination takes place through both sulphur 
and oxygen atom of the l igand. 
75 
Zlnc( I I ) , CadiBlma(II) and Mercury(II)-<a»lPA Complexes; For 
group ( I I ) elements, there i s no evidence l o r oxidation s t a t e s 
higher than two. Therefore, a l l z i n c ( I I ) , oadiaium(II) and 
mercury(II)-C3^PA ccmiplexes should he diamagnetic and wi l l have 
no ligand f i e ld s t ah i l i za t ion effects owing to complete 
d -sub-she l l s . All these forms s t ab l e complexes with GSDMPA, 
Z inc ( I I ) , cadmium(II) and mercury(II)-(3)MPA complexes are whi te , 
l igh t pink and grey in colour respec t ive ly . 
In the present case z i n c ( I I ) , cadmium(II) and mercury(II) -
GQMPA complexes, the analysis for metal and sulphur shows the 
metal to sulphur r a t i o as 1:2 and are found to he diamagnetic 
with cat ions of second suh-group of the periodic system. Conside-
rab le difference in the in te rac t ion of these eanplexes can be 
expected due to the substant ia l increase of the a f f in i ty towards 
sulphur in the order : 2n( I I ) < Cd(ll)<^ H g ( l l ) . !Ehe decomposi-
t ion temperature and so lub i l i ty c lear ly ind ica tes the var ia t ion 
in a f f i n i t i e s of these metals towards sulphur in the complexes. 
Their diffuse reflectance spectra show no t r ans i t i on bands. Since 
the ligand i s acting as a t e t raden ta te in i t s complexes with 
z i n c ( I I ) , cadmium(II) and mereury(II) which usually adopts a 
coordination number four with te t rahedral stereochemistry, !Hiis 
te t rahedra l stereochemistry i s further supported by the I ,R, 
Spectral s t u d i e s . 
Infrared Spectra; Ihe infrared spectra of the ligand and the 
complexes were recorded in the region 4000-400 em""'' (Figs, 9-I2 
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t a b l e 8 ) . I t should be noted t h a t the -SH s t r e t c h i n g hand a t 
2580 cm" i n the l igand d isappears on complexation , This 
sugges t s deprot©nation of the su lphydryl hydrogen followed hy t h e 
formation of M-S bond. Ttie formation of M-S bond i s f u r t h e r 
supported by the s h i f t i n g in the f requencies of a J (C-S ) ,0 - J (S-CHg) 
5wag (S-CHg) vibrat ions^^^*^"^^. F u r t h e r thCjOJCC = 0) s t r e t c h i n g 
a t I7A1O cm"-^  i n the f ree ligand^'^^"^^^ i s sh i f t ed i n a l l t h e 
complexes i n d i c a t i n g t h a t coord ina t ion a l s o takes p l a c e through 
oxygen atom of carbonyl group, A band a t 3350 cm i n Mn(II)-Ca)HPA 
complex shows the presence of water and another band a t 880 cm" 
and 825 cm" i n d i c a t e s t h a t coord ina ted water corresponds t o two 
wa te r molecules which i s f u r t h e r supported by e lementa l a n a l y s i s . 
Conclus ion; Glycoldimercaptopropionate , caDHPA, CH--00C-CH -CH^-SH 
CHg-OOC -CHg-CHg-SH 
forms s t a b l e complexes of ML type with c o b a l t ( I I ) , n i c k e l ( I X ) , 
z i n c ( I I ) , cadmium(II) and mercury ( I I ) , M2L2 *yP® wi th c o p p e r ( I ) 
and MLxHgO with manganese( l l ) where L = l i gand , M = d i v a l e n t meta l , 
X = two wate r molecu les , fhe cobalt(II)-GaiMPA complex i s 
squa rep l ana r , nickel(II)-Ga3KPA i s paramagnetic s q u a r e p l a n a r , Ihe 
copper forms a diamagnetic t e t r a h e d r a l complex i nvo lv ing sp^ 
h y b r i d i z a t i o n i n which coppe r ( I I ) i s reduced t o c o p p e r ( I ) , Z i n c ( I I ) , 
cadmium(II) and mercury( I I ) complexes are t e t r a h e d r a l , Hanganese ( I I ) -
complex i s high spin o c t a h e d r a l . Their s t r u c t u r e have been 
c h a r a c t e r i z e d on the b a s i s of e lemental a n a l y s i s , i n f r a r e d and 
e l e c t r o n i c s p e c t r a l s t u d i e s . 
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C H A P T E f i - V 
ANALYTICAL ESTIMAHONS 
Metal Estimation of the Complex; Cobalt, nickel, copper, 
chromium, zinc, cadmium and mercury in I©TTFA, SBTG and (HIMPA 
were estimated hy the following procedures A knoim amount of 
the complex was dissolved in concentrated sulphuric acid and 
evaporated to dryness, iRie hlack decomposed complex was then 
treated with an oxidising mixture (HNO3 and HCIO4 in the ratio 1:3) 
and heated to complete dryness. The process was repeated many 
times to ensure complete decomposition of the organic matter in 
the complex. The residue so obtained was dissolved in water and 
made upto a known volume. The metals in these standard solution 
was estimated by the use of standard ethylenediaminetetraacetic 
acid (£DTA) titration method '^ as the case may be PAN, Cu-PAN 
or Eriochrome Black T were used as indicators. 
The solution for the gravimetric estimation of copper 
and nickel in the complexes were made by treating a known amount 
of the complex with concentrated nitric acid and heating to a 
syrupy consistency. The process was repeated several times and 
syrupy mass so obtained was dissolved in water, Hie excess of 
nitric acid was removed by the addition of concentrated hydrochloric 
acid and evaporating again to a syrupy mass. This was then 
dissolved in water and made to a known volume. 
For the estimation of copper, a known volume of the above 
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prepared standard solution was taken, acidif ied with d i l u t e 
hydrochloric acid and to i t ±0% a lka l i thiocyanate solut ion was 
added with constant s t i r r i n g in presence of a reducing agent l i ke 
sulphu^US acid . The white p rec ip i t a t e thus obtained was allowed 
to stand for few hours and then f i l t e r ed through a weighed cintered 
c ruc ib le . I t was washed 10-15 times with cold solution prepared 
by mixing 1 ml of a lkal i thiocyanate and 5-6 drops of sa tura ted 
sulphurous acid in 100 ml of water. F inal ly i t was washed several 
times with 2o^ alcohol to remove a lka l i th iocyanate . Ihe p rec ip i t a t e 
was dried at ll0-120*C to a constant weight. Copper was then 
176 
estimated as cuprous thiocyanate CuCNS , The percentage of 
the metal in the complex was then ca lcu la ted . 
For the estimation of nickel known volume of the above 
prepared solution was taken, acidif ied with d i l u t e hydrochloric 
acid and f ina l ly 1% dimethylglyoxime solut ion in alcohol was added 
with constant s t i r r i n g and then the solution was rendered 
ammonical by adding s l igh t excess of aqueous ammonia. The bright 
red p r ec ip i t a t e thus obtained was allowed t o stand for one hour 
and then f i l t e r e d through a weighed cintered c ruc ib le . I t was 
washed by cold water un t i l free chloride ions removed completely 
and then dried at 110-120 C to a constant weight. Nickel was 
estimated as nickel dimethylglyconate NiCC.H-NgO ) ' , The 
percentage of nickel in the complex was then calcula ted. 
Sulphur Estimation of the Complex; The sulphur in the complexes 
of PDT!npA, SDTG, GSMBA was estimated in the solution as below: For 
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the estimation of sulphur in the complexes a platinum cruc ib le 
was taken and heated to a constant weight. The hottwn of the 
cooled crucihle was then covered with a small amount of fusing 
mixture (KNO-jNa2C05:slj3) and the weight of the crucihle was 
taken. Over t h i s fusing mixture approximately 0.1 g of the 
complex was added carefully and the weight of the crucible was 
taken again. A good amount of the fusing mixture was added again 
so t ha t the complex present in the crucible gets covered completely. 
!Rie weight was taken again. Ihe crucible containing fusing mixture 
and the complex was then heated carefully on a low flame keeping 
in mind that no spurting takes place . After complete fusion, the 
crucible was cooled and placed in a beaker, Tbe white fused 
mixture in the beaker was then dissolved in d i l u t e hydrochloric 
acid, heated on a waterbath for few hours and f i l t e r e d . To the 
f i l t r a t e , hot solution of barium chloride was added with constant 
s t i r r i n g . 'Sue white p rec ip i t a t e so obtained was digested on a 
waterbath, cooled, f i l t e r ed through weighed cintered cruc ib le , 
washed with cold water and f ina l ly with hot water and dried at 
177 110-120 C to a constant weight and weighed as BaSO^ . F ina l ly , 
the percentage of sulphur in the complex was calcula ted. 
CALCUIAIION OF g'FECTIVE MAGNETIC MOMJHT 
General Description and Theory; *hen a sample material i s placed 
in a uniform magnetic f i e ld , a dipole moment proportional to the 
product of the sample suscep t ib i l i ty times the applied f i e ld i s 
induced in the sample. If the sample i s made to undergo sinusoidal 
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motion as well, an electrical signal can be induced in suitably 
located stationary pick up coils. This signal which is at the 
vibration frequency, is proportional to the magnetic moment, 
vibration amplitude and vibration frequency. 
This means of producing an electrical signal related to 
the magnetic properties of a sample material is used in the model 
155 VSM, The material under study is contained in a sample holder 
which is centered in the region between the pole pieces of a 
laboratory magnet. A slender vertical sample rod connects the 
sample holder with a transducer assembly located above the magnet 
which, in turn, supports the transducer assembly by means of sturdy, 
adjustable support rods. 
"Hie transducer converts a sinusoidal ac drive signal, 
provided by an oscillator/amplifier circuit located in the console, 
into a sinusoidal vertical vibration of the sample rod and the 
sample is thus made to "undergo a sinusoidal motion* in a uniform 
magnetic field. Coils mounted on the pole pieces of the magnet 
pick up the signal resulting from the sample motion* 
This ac signal at the vibration frequency is proportional 
to the magnitude of the moment induced in the sample. However, 
it is also proportional to the vibration amplitude and frequency. 
This being the case, moment readings taken simply by measuring the 
amplitude of the signal are subject to errors resulting from 
vibrations in the amplitude and frequency of vibration. To overcome 
this problem, the Model 155 makes use of an ingenious nulling 
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technique to olitain moment readings which are free of these sources 
of error. This technique depends on being able to use a vibrating 
capacitor to generate another comparison signal which varies with 
moment, vibration amplitude and vibration frequency in the same 
manner as does the signal from the pick up coils. By appropriately 
processing these two signals, the effects of vibration amplitude 
and frequency shifts are cancelled and reading are obtained which 
vary only with moment, the quantity of interest. 
The signal from the pick up coil is applied to one input 
of a differential amplifier which has as its other input a signal 
derived from the fixed plate assembly of a vibrating capacitor mounted 
beneath the transducer assembly. Applied to the moving plate 
assembly of the capacitor is a dc voltage proportional to the 
magnetic moment of the sample (For the moment, forego any conside-
rations of how this dc voltage is produced). Thus an ac signal is 
coupled onto the fixed plate assembly of the vibrating capacitor 
and from there to the second input of the differential amplifier, 
Wiis signal because the de voltage applied to the moving assembly 
is proportional to the magnetic moment is proportional to the 
moment as well. Moreover, because the capacitor is vibrated by the 
same transducer as vibrates the sample, the capacitor output signal 
varies with changes in frequency and vibration amplitude in the 
same manner as does the signal from the pickup coils. 
In other words, changes in vibration amplitude and frequency 
have identically the same effect on both of the signals applied to 
the differential amplifier and because the differential amplifier 
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passes only differences between the two signals, the effects of 
vihration amplitude and frequency changes are cancelled. HIUS, 
of the three factors (moment, vibration amplitude, vibration 
frequency) which affect the amplitude of the pickup coil signal, 
only <me moment determines the amplitude of the signal at the 
output of the differential amplifier. This signal in turn is 
applied to a synchronous detector where it is compared with a 
reference signal taken from the same oscilator as furnished the 
transducer drive signal. At the output of the synchronous 
detector then is a dc signal proportional to the amplitude of the 
moment. Ibis dc signal is amplified and then used in two different 
ways. First of all, it is fed back to the movable plate assembly 
of the vibrating capacitor. Second, it is applied to the output 
display circuits. Bie effect of the feedback is to automatically 
adjust the dc signal to the level required to maintain the capacitor 
output signal at the same level as the pickup coil signal. For 
samples having a weak moment, the feed back dc voltage will be low. 
In any case, it will always be proportional to the dipole moment 
of the sample and independent of variations in the vibration 
amplitude for frequency. As this dc voltage also serves as the 
input to the output display circuitry, the Model 155 output display 
indicates moment magnitude alone, uninfluenced by vibration 
amplitude changes and frequency drift. 
The effective magnetic moment of the sample can be calculated 
by the following formula: 
(BMT I 
"iij 
'/i. 
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Where, R = reading of the magnetic moment, M = molecular weight 
of the complex, T = absolute temperature, H = electric field 
applied and V = weight of the sample, 
Metal-Sulphur Link; The availahle data are not sufficient enough 
to predict any uniform pattern for coordinating ahllity of heavy 
donor atoms of the group VI in general and sulphur in particular. 
Tlie donor properties of sulphur in general are restricted as 
178 
regards to the nature of the acceptor atom . According to 
Sidgwick, the metals that can easily coordinate with sulphur as 
acceptor are: Cr Ni, Cu Ge,As, Ru - pd, 
Ag Sn,Sh, Os pt, Au Pb,Bi. The classifi-
cation of central ions, which is connected with electronegativity, 
178 has been proposed by Chatt, Davis and Ahrland as (I) those 
which form their most stable complexes with the first ligand atom 
of each group (viz, nitrogen, oxygen and fluorine) and (II) those 
which form the most stable complexes with the second or subsequent 
ligand atoms (viz. phosphorus, sulphur, and chlorine etc.). The 
type (I) central ions like alkaline earth metals, rare-earth and 
17Q Th(IV) show clear cut electrovalent bonding '^, In class (II) 
type central ions, three separate categories exist (a) metals 
Q 
with unusually low oxidation numbers squareplanar low spin d 
systems as Pd( I I ) , P t ( I I ) , Au(II) and Cu(I), Ag(l) and Hg(ll) of 
Q 
d configuration, Iliis family exhibi ts the highest complex 
formation constants of heavy bal ides and of sulphur containing 
180 l igands . According to Yatsimiiicii t h i s explanation i s based 
on A -back bonding from the f i l l e d d-subshell to the empty o rb i t a l s 
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of the l igand. I t i s , therefore, c l ea r that such an effect 
would he favoured hy low oxidation number, (h) The metals with 
high oxidation number. I t i s due to the fact tha t a l l halides 
complexes tend to become much stronger in a se r i e s such as K(I ) , 
Ca ( I I ) , S c ( I I I ) , 11(17) and V(V) but i t i s doubtful whether t h i s 
se r i e s discriminates against f luoride and required by type ( I ) 
tendencies . The S^^ family e .g . Sn( I I ) , Sb ( I I ) , Te(IV), T1(I) , 
Pb(I l) and B i ( I I I ) ; where the corresponding gaseous ions contain 
two 5S. or 6S~electrons, shows type(II) character towards hal ides 
and sulphur containing ligands but not towards amines and cyanides. 
!Rie reason seems to be tha t the f i l l ed S-orbi ta l becomes strongly 
CT-antibonding with respect to l a t e r type of l igands . (c ) Jrgensen 
believes t ha t son« metals may have type ( I I ) character in both low 
179 
and high oxidation s t a tes ^ and yet type ( I ) character in an 
intermediate oxidation s t a t e . 
Formally sulphur resembles oxygen having unshared pa i r of 
electrons in the bi-covalent s t a t e , but the donor proper t ies of 
sulphur are remarkably d i f ferent from tha t of oxygen. Sulphur i s 
frequently l ess effective than oxygen as a donor to f i r s t row 
metal i o n s . Ihe main factors which influence the nature of metal-
sulphur l ink are given below: 
Electron Negativi ty; "Hie electron negat ivi ty of donor atoms follow 
the ser ies F> 0 ;> N> Cl) Br? I ^ S - ^ S c ^ C > Te> P ) As ) Sb. 
However, the effect ive electron negat iv i ty may be influenced by the 
other atoms or groups attached to the donor atom. From a conside-
ra t ion of an e l e c t r o s t a t i c model, i t can be said that for a 
90 
unldentate l lgand, the coordinating a b i l i t y wi l l depend not only 
on the electron negat iv i ty but on the t o t a l dlpole moment of the 
l igand which in turn depends on both the permanent and the 
induced dlpole moments. For example the permanent dlpole moment 
of NH i s less than that of HgO, the t o t a l dlpole moment of NH-
may be grea ter in the presence of cations with a high pola r i s ing 
64 power • The large size and the smaller permanent dlpole moment 
of HgS ( H S = 1.1 D, and H_0 = 1.9 D) reduce i t s coordinating 
64 
a b i l i t y below that of water for ions of low f i e l d strength . 
However, H„S i s more polarlzable than HgO and with ions of high 
f ie ld s t rength e .g . Hg(II) , Ag(I), HgS coordinates strongly and 
protons are forced to give insoluble sulphides. Again for oxygen 
ligands both the permanent dlpole moment and the coordinating 
a b i l i t y decrease as H 0 ^ BOHJ> RJ) whereas in case of sulphur 
ligands these Increase in order HgS )> B3H ^  R-S. According to 
64 Livingstone , neglecting any contribution for -bonding, the 
strength of bonds on consideration of e l e c t r o s t a t i c and covalent 
models should follow the order (a) BO") BS~ and (b) R 0)> R S> 
Pol art, z a b i l i t y 8 Sulphur having grea te r po l a r i zab i l i t y in ccx&parison 
to oxygen atom has an important bearing on t h e i r r e l a t i on to donor 
capaci ty . Moreover, the po la r i zab i l i ty decreases by alkyl 
subs t i tu t ion , the decrease i s much less (5%) in going from H S^ to 
RgS than the decrease (24fj) in going from HO to R 0 ^®'*". Among 
the sulphur ligands themselves the decrease in the p o l a r i z a b i l i t y 
follows the order S~ ) Rs"^ R2S. Nyholm et al."^®^ observed that 
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the donors containing -SH group coordinate more strongly with 
t r ans i t ion metals than the sulphides and concluded that in passing 
RS to R S the proton a f f in i ty of sulphur decreases enormously 
which i s a rough measure of the tendency to form strongCT"-honding 
which in turn also affected by the factors l ike s ize , a v a i l a b i l i t y 
of necessary d-orbi ta ls of bi-covalent sulphur f i l l i n g to overlap 
suf f ic ien t ly over the f i l l ed d-orb i ta l s of the metals. 
Bond strength and number of lone pa i rs t In the formation of a 
complex a metal ion and a negatively charged l igand, the bond 
strength depends on the effect ive nuclear charge and the ionic 
r ad ius . Hence BO" would be expected to coordinate more s trongly 
than RS" and, therefore , bond strength of R0~ should be greater 
than that of RS", The same also holds good for an uncharged 
l82 183 l igand except in special cases * , 
Sulphur having vacant d -o rb i t a l s , can enter i n to d/f -d/f 
bonding whereas oxygen and nitrogen have no o r b i t a l available to 
accept electrons from sui table f i l l e d d-orbi ta ls on the metal atom. 
The amount to which Tf-bonding occurs i s d i f f i c u l t to assess but 
on the basis of avai lable evidence"^ i t can be suggested that i t 
does occur favourably with ligands containing sulphur as donor atoms. 
Therefore, i f TT -bonding occurs, i t may cause reversal of the order. 
The conditions for TT-bonding are most favourable with the l a t t e r 
member of the second and th i rd t rans i t ion se r ies e .g . Pd( I I ) , p t ( I I ) , 
Hg(II) and with the early t r ans i t i on metals in the low oxidation 
s t a t e s as Mo(o), W(o) and Re(I) , The number of lone pai rs decreases 
-2 in going from S to RgS which i s also the order of decrease in 
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po l a r l z aMl i t y and hence In any consideration of the bonding 
proper t ies of sulphur l igands, the d i s t r ibu t ion between sulphide 
ions , mercaptide ion and th io ether should bom in mind. Thus, 
in t h i o l s , where sulphur i s bi-eovalent and V-shaped as compared 
to i t s t r i cova len t and t r igona l shape in th ioe the rs , the grea ter 
p o l a r i s a b i l i t y of th io ls i s always competing against the d7\ -e lect ron 
capaci ty of thio ethers , 
Orbi ta ls used for Bond Formation; The low effect ive nuclear charge 
on sulphur, according to Nyholm et a l , and Magnusson binds 
d -o rb i t a l s in to hybridisat ion with -S and p -o rb i t a l s enabling 
sulphur to form more than four bonds to e thr atoms and unlike 
oxygen increase i t s maximum coordination number to s i x , Ihis 
r e s u l t s in the enhanced strength of both CPand 7\ type of bonds. 
Low promotion energies make d-par t ic ipat ion feasible due t o which 
r e s u l t s in P/r and Afr o rb i ta l s overlap indicat ing the configuration 
containing these bonds, which i s not possible in case of oxygen, 
A number of evidences have been cited of sulphur making frequent 
use of djr^  o rb i ta l s to form multiple bonds. Among the sulphur 
donors themselves, i t has been observed tha t bl-covalent sulphur 
i s more effective in producing electron pair ing in four covalent 
nickel(II)-complexes than in t r i -cova len t sulphur. Compounds 
186 l ike xanthic acid and thiooxalic acid cause electron pair ing 
whereas chelat ing group EtS{CE^)n SEt and 1-methyl-3,4-dimethyl 
182 thiobenzene f a i l s to do t h i s , Two p-bonds are formed by 
sulphur in the f i r s t case and sp bonds with l a t t e r . Regarding the 
o r b i t a l s of metal used for bond formation with b i s (acetylacetonate) 
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nickel(II) forms tetrahedral and copper(II) forms a squareplanar 
complex. 
187 
Tf-bondingi Pearson has classified metal ions and ligands into 
"hard" and "soft" lewis acids and hases and has suggested a general 
rule that hard acids hind strongly to hard hases and soft acids to 
soft hases. Hard acids are those which are hasic in usual sense 
hinding strongly to the proton while soft acids hind strongly to 
highly polarizahle or unsaturated hases which often have negligible 
proton hasically, e.g. RgS, Yet it is possible for a base to be 
soft and strongly binding to the proton. Such a case is the highly 
-2 polarizahle S ion. The concept of soft and hard acids roughly 
178 
corresponds to (I) and (II) type metal Chatt et al. Stability 
constant of complexes formed in aqueous solutions between various 
metal ions and sulphur donor ligands do not follow base strength 
188 
of the acids as has been pointed out by Irving and Fernel ius , 
in case of those metals where TT -bonding might be expected to be 
189 
of importance. According to Longuet-Higgins ^ the successful 
complexation between sulphur containing heterocyclic compounds 
and the t r ans i t ion metal ions i s due to large TT-contribution from 
the strongly bonding/T - o r b i t a l s . The acid compounds have not yet 
been thoroughly inves t iga ted , A comparison of the r e l a t i v e 
s t a b i l i t i e s of the complexes formed between BNH , R 0, HgS, R Se 
(R = methyl group) as ligand and t r a n s i t i o n metal ions as acceptors 
iQO 
has been made by Coates and Vhitecombe ^ . This comparison has 
revealed greater s t a b i l i t y of metal-sulphur bond in comparison to 
metal-oxygen and metal-nitrogen bonds to the same metal which i s 
due to the 7T -character of metal-sulphur bond. 
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Spectrochemlcal ser ies of the l lgandst The spectrochemical 
se r i es of llgand i s arranged according to spectroscopic s p l i t t i n g 
parameter*^ (10 Dq), as given by the frequency of the lowest llgand 
f i e ld absorption band in t r ans i t ion metal complexes. As a good 
approximation the following re la t ionsh ip fo rA holds 
- 1 A s 10-^  f . g , cm" 
where f i s a function of l igand and g of the metal atom. Hie 
posi t ion of sulphur ligands i s not c l e a r as r e l a t i ve ly few complexes 
of sulphur ligands have been studied spectrophotometrically. 
Although some sulphur ligands are near chlor ide , sulphur appears 
-2 t o have a wide range, as S0_ when bonded through sulphur has a 
l a t e posi t ion in the se r ies near NOg. ^2^ probably occurs between 
i Q l HgO and NCS ^ . The posi t ion of HS in the ser ies i s estimated 
from the spectra of mercaptomethylamine complexes of c o b a l t ( I I I ) " . 
The present studies reveal the posi t ion of O I^PA somewhere 
between Py and NH- and the posi t ion of IDTTPA i s somewhere between 
«• -2 
HCOO and CgO. whereas posi t ion of SDTG Is somewhere between urea 
and OH, IHie corresponding spectrochemlcal s e r i e s of t r ans i t i on 
metal ions in respect of these ligands also follow the general rule, 
193 The Spectrochemlcal ser ies of the ligands i s j 
I " < Br~< CI' /-- SCN~< dtp"< F>v^ Urea ' ^ SDTG "^OH'^-^NOj '^ 
HCOO>-^  H)TTPA< C20^^<H20^--NCS-< gly"<^py <^ (©MPA ^ 
NH^ <^  SQ^'^ml <^  CN" 
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193 Corresponding ser ies of central metal ions are Mn(II)<. 
N1(II)<^ Co(I I )< F e ( I I ) < V ( I I ) < ^ F e ( I I I ) < C r ( I I l ) ^-^ 
V(III) < Co(II l ) <^ Mn(IV) <^Mo(II l ) <^ Rh(lII)^-«^ Ru(III) <( 
Os(IV) <^ Pd(IV) < I r ( I I I ) < ^ Re(IV) <^  Pt(IV). 
Showing a s t r i c t arrangement according to increas ing 
number of t r ans i t ion group 3d kd 5d (with r e l a t i v e value 
of the function 1:1,4581,75) and corresponding to increasing 
oxidation numbers +2 <^ +3 <( +4 (with r e l a t i ve values of functions 
l j l . 6 : l » 9 ) . The strong increase of from divalent to t r i v a l e n t 
ions in the f i r s t t r ans i t i on group wi l l hardly he explained by 
any reasonable e l e c t r o s t a t i c model, Kie spectrocheuical ser ies 
of tetragonal complexes has the same order of l igands whereas in 
case of te t rahedral syimietry the wave function can not be 
c l a s s i f i ed according to pa r i t y . 
Formation of Metal Sulphur Link> Due to the inadequacy of 
experimental data and a lso theore t ica l ca lcula t ions on overlap 
i n t e g r a l s , i t i s d i f f i cu l t to formalise the metal sulphur l i n k . 
However, the following factors great ly contr ibute to the formation 
of such a bond, 
1 , The diffused orbi ta ls of sulphur donors may undergo contraction 
(as against contraction theory of Craig, Cruickatank believes 
that 3d-orbi ta ls In the free sulphur atom are already of 
sui table size for bonding) by the posi t ive ions of metals of 
higher valency s t a t e s . This might lead to s t ab i l i z a t i on of 
high valency s ta tes in t r ans i t i on metal complexes involving 
96 
sulphur donors, pa r t i cu la r ly for those metals in which the 
effective nuclear charge i s high. 
2 . Sulphur donors would he capahle of causing s t ab i l i z a t i on of 
low valeiicy s t a t e s by formation of CT-bonds and by reducing 
the charge on metal by back donation and formation of/f -bond. 
3 , The idea of reducing character of sulphur ligands corresponds 
reascmably well with t h e i r posi t ion in the nephelauxetic effect , 
k. The posi t ion of sulphur ligands containing t h io l groups 
involving donation from a bi-covalent sulphur seems to l i e 
af ter H2S where the sulphur i s t r i cova len t . S t a b i l i t y of 
t r ans i t ion metal complexes with sulphur ligands i s not always 
predicted on th i s b a s i s . Why t r icovalent sulphur in many 
cases should comparatively be a poor donor i s r ea l ly a vexed 
question, 
5. S te r l c factors and the chelate effects would also affect the 
s t a b i l i t y of the metal-sulphur l i n k . However, r e l a t i v e l y 
large size of sulphur does not warrant that the proper t ies 
would be great ly a l tered by subs t i tuents R in l igands l ike BgS, 
Also the comparatively greater tendency of catenat ion should 
be bom in mind while ca lcula t ing the s t e r i c e f f e c t s . 
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In continuation of our work on metal complexes of 
thiopolycarboxylic acids,' '" we describe the synthesis 
and characterisation of 2,2',2",2"'-(pentane-l,5-diyli-
denetetrathio)tetrapropionic acid (1) and its complexes 
with cobalt, nickel, copper, and manganese 
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The development of new chelating agents of greater 
selectivity for some of the toxic heavy metals is attractive 
for both the potential therapeutic value of such com-
pounds and their intrinsic interest to co-ordination chem-
ists In the course of developing new chelating agents 
with greater selectivity for some of the toxic heavy met-
als, it IS necessary to determine the various structural 
aspects of chelating agents on complexation with toxic 
metals and selectivity The metal complexes of 
thiopolycarboxylic acids, as thio analogues of complex-
ones,'"'" have been the subject of many recent studies 
Thiopolycarboxylic acids contain two or more thio and 
carboxylic groups as potential donors and are therefore 
capable of combining in various polydentate modes 
2,2', 2", 2"'-(Pentane-l, 5-diylidenetetrathio)tetrapro-
pionic acid (1) was synthesised by the condensation of 
98% thiolactic acid, with a 25% aqueous solution of 
glutaraldehyde in the presence of concentrated hydro-
chloric acid It contains four carboxylic groups and four 
sulphur atoms which are capable of combining m various 
'To receive any correspondence 
polydentate modes Each end of the chelating agent 
functions independently and co-ordinates to a metal 
atom to form stable complexes of formula M2L«H20 
where M is the divalent metal and L is the ligand, n = 4 
for Co", Ni", Cu", and Mn" The Co", Ni", and Mn" 
complexes are high-spin octahedral, while the Cu" com-
plex is distorted octahedral In the case of all four com-
plexes, co-ordination takes place through the sulphur 
atom and the carboxy group, with the co-ordination 
polyhedron being completed by bound water molecules 
The structures of both the ligand and its complexes were 
established on the basis of elemental analysis and from 
their 1 r and electronic spectra. Relevant ligand-field 
parameters have also been calculated for the complexes 
Techniques used Elemental analysis, i r , u v , t g a 
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Table 1 Diffuse reflectance and ligand field parameters 
Table 2 Pnncipal i r absorption bands 
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Formula 
TABLE 1 
Analytical data of complexes 
Percentage 
Metals 
Carbon Hydrogen Sulphur 
Magnetic moment „ Decomposition „ , , per metal atom , , ,„„, Solubility 
eff MB M ) temperature ( C) 
C12H20OSS2 
ColCijH.gOjSJ 
NifCnHigO.Sjl 
CufCijHiASzl 
ZnfCijHiAS.] 
Cd[C|3H|805S2] 
Hg[CnH,sO,S2] 
Calcd 48 75 
Found 49 15 
Calcd 41 39 
Found 41 35 
Calcd 41 41 
Found 41 40 
Calcd 40 88 
Found 40 84 
Calcd 40 69 
Found 40 60 
Calcd 36 24 
Found 36 20 
Calcd 30 10 
Found 30 00 
6 25 
6 06 
4 77 
4 72 
4 77 
4 75 
471 
4 70 
4 69 
4 60 
4 18 
4 10 
3 47 
3 40 
20 00 
20 10 
16 98 
16 90 
16 99 
16 93 
16 77 
16 70 
16 69 
16 60 
14 86 
14 80 
12 35 
J2 10 
15 62 
15 60 
15 58 
15 54 
16 65 
16 60 
17 05 
17 00 
26 11 
26 10 
38 70 
38 60 
2 69 
44 
2 28 
Diamagnetic 
—do— 
-do— 
— 
360 no effect 
340 no effect 
335 no effect 
340 no effect 
340 no effect 
340 no effect 
Acetone 
Triton X 100 
—do— 
—do— 
—do— 
—do— 
— d o -
Formula 
C13H20OSS2 
Co[CnH,805S2] 
Ni[C„H,80,S,l 
Cu[C|3H,gO,S2] 
Zn[C,3H,80,S2] 
CdfC.^HigOsS^] 
Hg[C,3H|80,S,l 
Where m = medium ms = 
(C-S) 
665 (m) 
730 (m) 
605 (s) 
725 (s) 
615 (s) 
725 (s) 
605 (s) 
730 (s) 
640 (m) 
730 (s) 
610 (m) 
715 (s) 
730 (s) 
610 (m) 
= medium sharp, s -
Pnn 
sharp, 
•iipal 
br s 
TABLE 2 
IR absorption 
—OH (pri) 
1050 (s) 
1045 (br s) 
1020 (m) 
990 (ms) 
990 (ms) 
990 (s) 
990 (s) 
= broad sharp 
bands (cm ') 
—OH (sec) 
1100 (s) 
1100 (m) 
1100 (s) 
1080 (m) 
1100 (ms) 
1100 (m) 
1100 (m) 
—OH (phenolic) 
1410 (s) 
1400 (m) 
1410 (m) 
1410 (m) 
1410 (m) 
1410 (m) 
1410 (ms) 
The decomposition temperatures are above 330°C indicate 
that complexes are thermally quite stable 
C0(11)-SDTG COMPLEX 
Our observed magnetic moment of Co(ll)-SDTG is 
2 69 B M which lies in range 2 20-2 90 B M reported for 
square planar complexes (14) This is also supported by the 
view of Nytholm (15, 16) that the double bonding between 
ligand atom and the metal atom is an important factor 
favouring the square planar configuration The two strong 
ir-bonds can be formed at right angles, using 3-d-electron 
pairs of a transition metal atom and vacant p or d-orbitals on 
the ligand atom Thus, the ligands containing atoms or groups 
capable of forming double bonds with metal atom e g sul-
phur, do form square planar atoms Hence the square planar 
stereo chemistry is suggested for the above cobalt(ll) 
complex The electronic spectrum of Co(lI)-SDTG consists of 
only one broad transition band at 16670 cm ' The order of 
the energy levels was deduced (14) from a simple point, charge 
model This was further supported by the 1 r spectral studies 
Ni(Il)-SDTG COMPLEX 
Our observed magnetic moment of Ni(II)-SDTG complex is 
4 4 B M which lies m the range 3 6 to 4 0 B M reported for 
tetrahedral nickel complexes (17) This conclusion is further 
supported by the electronic spectrum of the Ni(Il)-SDTG 
complex which shows three bands appearing at 5260 cm ', 
8330 cm I and 17240 cm ' The band observed at 5260 cm"' is 
due to the transition ^T,g(F) — 3T2(F) The ligand field para-
meters have been calculated using the semi-empirical equation 
(18) So the crystal field parameter B and Dq comes out to be 
945 cm ' and 449 cm ' respectively The position of the band 
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Magnetic and spectral studies of Co(n), Ni(II), 
Cu(II), Zn(II), Cd(II) and Hg(II) complexes 
with salicylaldehydedithioglycerol 
Manuscrit regu le 08-07-1985 
H. P. S. RATHORE' 
S. K. TIWARI' 
U. C. SHARMA' 
SdliLylaldehydcdithioglyLcrol (SDTG) Ci^HjoOjSj forms stable complexes oi ML type where M = divalent metal and L = ligand, which 
are thermally quite stable The decomposition temperature ranges from 335-360°C. The structure of these complexes have been characterized 
on the basis of elemental analysis, electronic spectra, magnetic susceptibility and infrared absorption spectra on Zeiss PMQ(I) spectrometer 
sample diluted with MgC03, vibrating sample magnetometer (VSM), Princeton Applied Research Model-155 and SP 1200 spectrophotometer 
respectively Complexes of SDTG with Co(Il), Ni(II), Cu(ll), Zn(II), Cd(Il) and Hg(ll) are square planar octahedral and tetrahedral showing 
that coordination take place through sulphur and oxygen atom of alcoholic group of the ligand. 
Resume. — La sahcylaldehydithioglycerole (SDTG) CI^HJQOJSI 
forme des complexes thermiquement stables du type ML La tempera-
ture de decomposition se situe entre 335-360 °C La structure des 
complexes a ete etablie a partir d'analyse elementaire, de spectres 
electromques, de mesures de susceptibilite magnetique, de spectrome-
tne infra-rouge sur Zeiss PMQ(I) (echantiUon dilue dans MgCOj), 
magnetometre vibrant (VSM), Princeton A.R. Model 155 et spectro-
photometre SP 1200 Les complexes de SDTG avec les ions metalli-
ques ont une structure plan carre octaednque et tetraednque ou la 
coordination s'effeclue par les atomes d'oxygene et de soufre du 
groupe alcoolique du ligande 
Introduction 
Some metal complexes of mercapto compounds have been 
prepared and studied pharmacologically by M. M. Jones (1-6). 
Similar type of compounds and its metal complexes were pre-
pared by Tiwari & Rathore et al. (7-12). The present commu-
nication describes the synthesis and characterization of salicyl-
aldehydedithioglycerol (SDTG) C13H20O5S2 and its complexes 
with Co(ll), Ni(Il), Cu(II), Zn(II), Cd(II) and Hg(II) on the 
basis of elemental analysis, electronic spectra, magnetic sus-
ceptibility and IR studies. The above chelating agent is a hexa-
dentate. It contains two sulphur atoms and four hydroxy! 
groups capable of combining in various polydentate modes. 
Experimental 
CHEMICALS 
Thioglycerol of 90% purity N.F Grade (Evans Chemetics, New 
York) was used as such without further purification. All other chemi-
cals used were of A. R. Grade 
PREPARATION OF THE LIGAND 
Salicylaldehyde 12 2 g (0 1 mole) and thioglycerol 22.032 g 
(0.2 mole) were mixed and 10 ml of concentrated HCl was added with 
stirring. The solution was heated gently on heating plate for 
~ 8 hours. The product was then allowed to cool in refrigerator 
After 72 hours, the red colour viscous get solidified The product was 
washed with water, alcohol then finally with acetone yield - 25 6 g, 
80%) 
PREPARATION OF THE COMPLEXES 
a) CofllJ-SDTG complex 
An aqueous solution of metal chloride 0.01 M was added to an 
equimolecular solution of chelating agent in acetone Few drops of 
NaOH was added to adjust the pH around 7.5, a brown colour com-
plex separates out. This was digested at room temperature for 
24 hours, filtered, washed with water then with water and acetone 
(1:1) and dried in vacuum desiccator 
b) Nifll) SDTG complex 
Greenish colour complex was prepared by the same procedure as 
above in Co(II) SDTG complex. The pH of the solution was 7 0 
c) Cu(n) SDTG complex 
Dark green colour complex was prepared by the same procedure as 
above in Co(ll) SDTG complex. The pH of the solution was 6 7. 
d) Znfll), Cd(II) and Hg(II) complexes wilh SDTG 
An aqueous solution of metal chloride was added to an equimole-
cular solution of chelating agent in acetone Few drops of NaOH was 
added to adjust the pH around 6 0, 5.0 and 2.0 respectively, light yel-
low, light orange and pink colour complexes separate out. These com-
plexes were digested at room temperature for 12 hours, filtered, 
washed with water then with water and acetone (1:1) and dried in 
vacuum desiccator 
Results and discussion 
The structure of the new chelating agent is supported by 
(a) elemental analysis, (b) IR absorption spectra, and (c) fai-
lure to give positive test for a free sulphydryl group. The per-
centage of C, H and S on analysis were found to be in excel-
lent agreement with those calculated for the above structure. 
The most striking evidence for the structure of the chelating 
agent are (a) the disappearance of the —SH stretching absorp-
tion band shown by thioglycerol in the region 2570 cm"', and 
(b) sharpening and intensifying of the C—S stretching region 
near 700 cm"' compared to that observed for thioglycerol. A 
final piece of the experimental evidence which confirms the 
above structure of the chelating agent is the fact that solution 
of the chelating agent fails to produce any blue colour with 
FeCls solution (13). The results are given in tables 1 and 2. 
-CH 
2 HOHjC—CHOH—CHj—SH + OHC—C "^CH 
HO-C 
CH 
CH 
H* 
-H,0 
.CH 
H C ^ ^ C — C ' H 
HC ^ C - O H 
^CH 
-S—CH2CHOH CHjOH 
'S—CHj CHOH CH2OH 
SDTG 
1 Deparnnenl of Chemistry, Aligarh Muslim University, Aligarh-202001 (India). 
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for the transition 'T|g(F) —> 'TjCF) has been calculated and 
comes out to be 3800 cm ' which is in good agreement (12) 
with the observed band at 5260 cm"' This is further support-
ed by the IR spectral studies 
Cu(ll)-SDTG COMPLEX 
Octahedral Cu(ll) species has magnetic moment > 1 90 B M 
Our observed magnetic moment of Cu(ll)-SDTG is 2 20 B M 
which lies in the range reported above for octahedral Cu(ll) 
complexes (20, 21) The electronic spectrum of an octahedrally 
coordinated Cu(ll)-SDTG complex should normally exhibit 
absorption band due to E^g — T^2g transition The ^ Eg state is 
highly susceptible to John-Teller distortion and no Cu(ll)-
complex should have a regular octahedral symmetry The dis-
tortion causes broadening or even splitting of the absorption 
bands Therefore, all the six coordinated copper(Il)-complexes 
are tetragonal with D^h or C^V symmetry In D4h symmetry, 
the Eg and T2g levels of the 2D free ion term will further split 
into B|g, Aig, B2g and Eg levels respectively and the energy 
level sequence will depend on the amount of distortion (22) 
The observed band at 14280 cm ' seems to exclude the square 
planar form, as the square planar Cu(ll)-compIexes generally 
show two bands of nearly equal intensity corresponding to the 
transitions ^Bjg — ^Aig and ^ Bjg —« ^Eg, like the reported 
15000 cm"' and 18000 cm ' bands for square planar Cu(ll)-bis 
(acetylacetonate) complex (23-25) Therefore, it may be con-
cluded that the Cu(ll)-SDTG complex is of distorted octa-
hedral structure Hence, the band at 14280 cm"' has been 
identified as the transition ^E^ —• ^ T2g This is further sup-
ported by the IR spectral studies 
Zn(ll), Cd(Il) AND Hg(lII)-SDTG COMPLEXES 
Zinc, cadmium and mercury have an electronic configura-
tion d'^ s^ In the element of lb group the filled shells lose one 
or two d-electron to give ions or complexes in the II and III 
oxidation states but for group II elements, there is no evi-
dence for oxidation state higher than two Therefore, all 
Zn(II), Cd(II) and Hg(II) complexes should be diamagnetic 
and will have no ligand field stabilization effects All these 
form stable complexes with sulphur containing ligands (26, 
27) Zn(II), Cd(II) and Hg(II) complexes are white yellow, 
light orange and pinkish in colour respectively, diamagnetic 
and insoluble in water as well as in common organic solvents 
The electronic spectra of the complexes were found practically 
identical with that of the ligand The IR measurements coupl-
ed with the diamagnetic nature of the complexes indicate that 
the metal ion is coordinated tetrahedrally through the oxygen 
atom of the alcoholic group and the sulphur atom of the 
ligand 
INFRARED SPECTRA 
The infrared spectra of the ligand and the complexes were 
recorded in the region 4000 to 400 cm"' The important i r 
absorption bands and their tentative assignments were obtain-
ed with reference to the spectra of thio and amino acid com-
plexes (25-28) In the ligand !<(€—S) at 665 cm ' and 730 cm"' 
on coordination shifted to the lower frequency showing coor-
dination takes place through sulphur atom similar to analo-
gous systems of thiopolycarboxylic metal chelates (7-11, 29-
33) The v—OH of primary alcohol at 1045 cm ' on coordina-
tion also shifted to the lower region showing that coordination 
takes place through the hydroxyl group of the primary 
alcohol Thus it forms the square planar and tetrahedral com-
plexes In case of Cu(II)-SDTG complex, the c—OH at 
1100 cm"' of secondary alcohol also shifted to the lower fre-
quency showing that coordination also takes place through the 
hydroxyl group of the secondary alcohol to form distorted 
octahedral complex A strong broad band in the region 3550-
3450 cm ' indicates the intermolecular hydrogen bonding This 
IS also supported by high melting points of the complexes 
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TABLE 1 
Diffuse reflectance and ligand field parameters 
Complex Bands 
cm ' 
16670 
22220 
38460 
14780 
15100 
22220 
25000 
Assignments 
'Afc - "Tzg (F) (^,) 
- "Tig (F) (.2) 
— "Tig (P) (v^) 
6A,g (F) -^ "Tig dzp" eg 
- 'T,g (tjg)" eg 
- % (t2g)3 (eg)2 
- "T.g (t2g)3 (eg)2 
Dq 
cm ' 
1667 
1478 
Racah 
parameter 
" B " 
711 
— 
vJv, Ep term 
separation 
L F S E 
kg mol ' 
Cr2(OH)2[C„H2408S4]2 H^O 
Fe2(OH)2[C|7H240gS4l2 HjO 
1 33 0 697 10665 57 01 
TABLE 2 
Principal IR absorption bands (cm ') 
Formula KC-S) i/COO (Sym) j-COO (Asym) >'H20 (Coordn water) I/—OH (Briding) 
^n^ie^s^A 
Cr2(OH)2[C,7H2408S4]2 H2O 
Fe2(OH)2[C„H2408S, 
Zn2C,7H240gS4 
^^2^17^24^854 
^§2^17^240854 
4I2 H2O 
625 (s) 
710 (m) 
750 (m) 
620 (s) 
680 (m) 
615 (s) 
710 (m) 
620 (s) 
710(m-br) 
640 (s) 
710 (m br) 
665 (s) 
675 (s) 
1410 (s) 
1390 (s) 
1420 (s) 
1390 (m) 
1410 (s) 
1460 (m) 
1420 (VS) 
1460 (m) 
1380 (m) 
1415 (m) 
1720 (s) 
1570 (s) 
1600 (s) 
1590 (VS) 
1590 (VS) 
1600 (VS) 
1610 (s) 
895 (m) 
920 (m) 
890 (m) 
980 (s) 
890 (m) 
990 (s) 
— 
— 
— 
— 
1060 (s) 
1080 (s) 
1075 (s) 
— 
— 
Where s = sharp, m = medium, m-br = medium broad, VS = Very Sharp 
TABLE 3 
Analytical data of complexes 
Percentage 
Formula 
Carbon Hydrogen Sulphur 
Magnetic moment Decomposition 
Metals per metal atom temperature 
eff ^ (B M ) (°C) 
C17H2808S4 
Cr2(OH)2[C|,H2, 
Fe2(OH)2[C,7H24 
ZUj C|7H240gS4 
Cd2 C|7H240gS4 
Hg2 C17H24O8S4 
,08S4]2 H2O 
,08S4!2 H2O 
Calcd 41 80 
Found 41 19 
Calcd 31 00 
Found 30 94 
Calcd 30 64 
Found 30 60 
Calcd 33 18 
Found 33 23 
Calcd 28 78 
Found 28 63 
Calcd 23 05 
Found 23 01 
5 74 
5 64 
4 56 
4 50 
451 
4 50 
3 91 
3 89 
3 39 
3 31 
271 
2 69 
26 23 
26 39 
19 45 
19 40 
19 23 
19 20 
20 80 
20 79 
18 06 
18 00 
14 46 
14 41 
15 80 
15 70 
16 78 
16 75 
21 27 
21 29 
31 70 
31 78 
45 32 
45 20 
2 88 
3 90 
Diamagnetic 
248 
230 
270 
275 
289 
ting agent are (a) the disappearance of the —SH stretching 
absorption band shown by thiolactic acid in the region 2600-
2550 cm"', and (b) a sharpening and intensifying of the C—S 
stretching region near 700 cm"' compared to that observed for 
thiolactic acid. A final piece of experimental evidence which 
confirms the dithioacetal structure of the chelating agent is the 
fact that solution of the chelating agent fails to produce any 
blue colour with FeCls solution (12) The results are given in 
731 
Metal complexes of thiopolycarboxylic : 
acids magnetic and spectral studies 
of Cr(III), Fe(III), Zn(II) and Hg(II) 
with 2,2',2",2"'-(pentane-l,5-diylidene tetrathio) 
tetra(propionic acid) 
Manuscnt regu le 28-01-1985 
S K TIWARI' 
H P S RATHORE' 
2,2',2",2"' (pentane 1,5 diylidene tetrathio) tetra(propionic acid) (PDTTPA) (C,7H2808S4) forms stable complexes of MjOHLxHjO with 
Cr(III) and Fe(lII) and M2L with Zn(II), Cd(n) and Hg(II), where M = metal, L = ligand and x = 2 for Cr(lII) and Fe(lII) The structures of 
these complexes have been characterized on the basis of elemental analysis, magnetic measurement, electronic and IR absorption spectra 
Resume — Le PDTTPA (Cj^ Hj^ OgS )^ forme des complexes stables 
du type M2OHL 2H2O avec Cr et Fe et MjL avec Ln, Zn, Cd et Hg 
La structure de ces complexes a ete caractensee par analyse elemen 
taire, mesures magnetiques, spectrophotometne electronique et IR 
Introduction 
The development of new chelating agents of greater selecti 
vity for some of the toxic heavy metals is attractive because of 
the potential therapeutic value of such compounds and their 
intrinsic interest to coordination chemists In the course of 
developing new chelating agents with greater selectivity, it is 
necessary to determine the influence of various structural 
aspects on how they form complexes with toxic metals The 
complexes of thiopolycarboxylic acids, as thioanalogs of com-
plexones (1-11) have been the subject of many recent studies 
Thiopoly carboxyhc acids contain two or more thio and car-
boxylic groups as potential donors and are, therefore, capable 
of combining in various polydentate modes 
In continuation of our work on metal complexes of thio 
polycarboxylic acids (7-11), the present communication des-
cribes the synthesis and characterization of 2,2',2",2"'-
(pentane-l,5-diylidene tetrathio) tetrapropionic acid 
(PDTTPA) (C,7H2g08S4) and its complexes with Cr(III), 
Fe(III), Zn(II), Cd(II) and Hg(II) on the basis of elemental 
analysis IR spectra, electronic spectra and magnetic suscepti-
bihty studies The above chelating agent is an octadentate che-
lating agent It contains four carboxyhc groups and four sul 
phur atoms, capable of combining in various polydentate 
modes 
Experimental 
Thiolactic acid of 98 3% purity (Evans Chemetics, New York) was 
used as such without further purification All other chemicals used 
were of A R Grade 
PREPARATION OF THE LIGAND 
Glutaraldehyde 25% aqueous solution 42 gm (0 05 mole) and thio 
lactic acid 98%, 64 4 gm (0 62 mole) were mixed and 15 ml of cone 
HCl was added with stirring The solution was heated gently on 
waterbath for ~ 4 hours Upon refrigeration the solution solidified 
within 48 hours The product was washed with water, ethanol and 
dried in vacuum desiccator (yield ~ 50%) 
CH, O O 
I II II 
4 HOOC—C—SH + H—C—CH2—CH2—CH2—C-I 
H 
H 
H* 
3 
HOOC—C—S 
H 
H 
I 
HOOC—C—S 
I 
CH3 
H—C—CH,—CH,—CH,—C—H 
PDTTPA 
CH3 
S—C—COOH 
H 
H 
I 
' S—C—COOH 
CH3 
PREPARATION OF THE COMPLEXES 
a) Fe(III) PDTTPA complex 
An aqueous solution of metal chloride (2M) was added to an equi 
molecular solution of chelating agent in ethanol On addition of few 
drops of NaOH solution a yellowish colour complex separates out 
The pH of the solution was 5 0 It was digested on waterbath for few 
hours, cooled, filtered, washed with water and alcohol (1 1) then with 
acetone and dried in vacuo It was insoluble in water and other com 
mon organic solvent It decomposes at 230°C 
b) Cr(IIl) PDTTPA complex 
Greenish blue colour complex was prepared by the same procedure 
as mentioned above in Fe(III) PDTTPA complex The pH of the 
solution was 5 4 It was insoluble in water and other common organic 
solvents It decomposes at 248°C 
c) Zmc(II), cadmium(II) and mercury(U) complexes with PDTTPA 
An aqueous solution of metal acetate (2M) was added to an equi 
molecular solution of the chelating agent in ethanol On addition of 
few drops of cone NaOH solution, the complex separates out It was 
then digested on waterbath for few hours, cooled, filtered, washed 
with water and ethanol mixture (11) and acetone and dried in vacuo 
The complexes so obtained were found to be insoluble in water, ether, 
carbontetrachloride but soluble in acetone The complexes of zinc and 
cadmium were whitish and that of mercury was grey respectively 
Results and discussion 
The structure of the new chelating agent is supported by (a) 
elemental analysis, (b) the IR absorption spectra, and (c) fai-
lure to give a positive test for a free sulphydryl group The 
percentage of C, H and S on analysis were found to be in 
excellent agreement with those calculated for the above struc-
ture The most striking evidence for the structure of the chela-
1 Department of Chemistry, Aligarh Muslim University, Aligarh 202001 (India) 
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tables 2 and 3 The decomposition temperatures which range 
from 230-289°C, show that complexes are thermally quite 
stable 
Cr(III)-PDTTPA COMPLEX 
The Cr(III) ion has an effective configuration of 3d3 and as 
such It should show the paramagnetism corresponding to three 
unpaired electrons in an octahedral environment The most of 
the polymeric Cr(III)-thiodicarboxylate complexes show 
magnetic moment very close to spin only from 3 28-3 88 B M 
in an octahedral stereochemistry (12, 13) Our observed 
magnetic moment value is 2 88 B M per atom which is consi-
derably lower than the one reported above, indicating the pre-
sence of spin orbital coupling within the complex formed but 
does not exclude the polymeric structure The properties of 
the complex are quite different from those of the bivalent 
one, indicating a polymeric structure of MeLOH type complex 
showing no tendency of substitution by other anions It seems 
probable for these hydroxy groups to act as bridges between 
the metal atoms forming polymeric chains This view is fur-
ther supported by the magnetic moment of the chromic com-
plex formed which is typical of an hydroxy bridge polymer as 
well as by the insolubihty of the complex in benzene and chlo-
roform accompanied by its marked swelhng, which is further 
positive evidence for the presence of hnear chain as the predo-
minating species with the cross hnkage (14) 
Thermogravimetric analysis of Cr(III)-complex shows initial 
weight loss at 110°C This corresponds to two water molecules 
(Loss in weight, Calcd = 5 47% , Found 5 40%) as lattice 
water Assuming as cubic octahedral field to be present, the 
electronic ground state will be a "Aj^ state arising from the 
strong field configuration (t2g)', other states springing from 
this configuration are ^Eg, ^Tjg and T^2g The next strong field 
configuration is (tjg)^  (eg), producing the quartet states ''Tjg 
and ''Tig, where the energy separation between the two lower 
levels, "Ajg and '•Tzg, is 10 Dq Thus, in the Cr(III)-complex 
the energy of the longest wavelength peak should give a good 
approximation of the crystal field parameter 10 Dq (15) 
These transitions may be assigned as ''Ajg — ''T2g (F)(ci) , 
"Ajg - T|g (F)(i/2) and *A^ - ""Tig {?){,',) and spin forbidden 
transition "A^ -~ E^g The electronic spectrum of Cr(III)-
PDTTPA complex table 1 shows band at 16670 cm ' (c,) 
22220 cm ' {vi) and 38460 cm ' (1/3) The transition at 
14925 cm"' is just the spin forbidden transition It is likely 
that the complex is of octahedral symmetry The electronic 
spectra in the range 8000 cm ' to 40000 cm"' can be inter-
preted in term of a metal ion surrounded by an intermediate 
ligand field of octahedral microsymmetry The hgand field 
splitting energy, 10 Dq was taken equal to the first transition 
(ci) and Racah parameter, B was calculated from c,, vi and v^ 
bands (16) 
The value of j/j/c, was found to be 2 31 which is greater 
than 2 02 a value generally accepted for a regular octahedral 
complex (17) This indicates that the complex has a tetragonal 
or distorted octahedral symmetry The L F S E comes out to 
be 57 01 kg mol ' and the E^P) — ECF), term separation 
comes out to be 10665 cm ' which corresponds to about 
77 28% of the free ion value 
Fe(III)-PDTTPA COMPLEX 
Fe(III) has an effective electronic configuration of d^  and is 
expected to show paramagnetism corresponding to 5 unpaired 
electrons spins in an octahedral environment The magnetic 
moment for spin free Fe(III)-complex should he in the range 
5 70 to 6 10 B M (18) However, some of the thiodicarboxy-
lates of Fe(III) have been reported with magnetic moment 
values ranging from 3 24 to 3 75 B M in octahedral symmetry 
(12, 13) Our observed magnetic moment of 3 90 B M is quite 
close to the one reported above The chemical behaviour of 
the Fe(III)-complex is quite analogous to the Cr(III)-thiodi 
carboxylate complex, indicating a polymeric structure of 
MeLOH type, where the hydroxyl group acts as bridge be-
tween the metal atoms This view is further supported spe-
cially by the magnetic moment of the ferric complex which is 
typical of an hydroxy bridge polymer Its negligible solubility 
in benzene and chloroform accompanied by marked swelling 
IS another evidence for the presence of linear chain as the pre-
dominating species with the cross linking (14) Such behaviour 
IS typical of a substance containing water in cavities of a poly-
meric structure Assuming a cubic octahedral field to be pre-
sent, the electronic ground state will be 'Ajg (table 1) The 
observed bands may be assigned as follows (15) , 'A.g (F) — 
^T,g (tg)^ (eg) at 14780 cm ', "A.^ (F) - ^T,g ( t j / (eg) at 
15100 cm ', «A,g (F) - '•Eg (t2g)3 (eg)^ at 22220 cm ' and 
'*A,g (F) - "Tig (t2g)3 (eg)2 at 25000 cm"' 
A comparison of the spectrum of the Fe(III)-PDTTPA 
complex with that of Fe(III) coordinated with six oxygen 
atoms shows these to be similar in which the calculated value 
of 10 Dq = 14780 cm"' is in agreement with the value of 
10 Dq = 14700 cm • for the aquated Fe(IIl)-ion This sug-
gests that the electronic spectra of Fe(III)-PDTTPA complex 
can well be interpreted in terms of metal ion surrounded by 
weak ligand field of octahedral microsymmetry TGA of 
Fe(III)-PDTTPA complex shows initial weight loss at 
110°C This corresponds to two water molecules (Loss in 
weight Calcd = 5 41%, Found = 5 40%) as lattice water 
Zn(II), Cd(II) AND Hg(IJ) COMPLEXES WITH PDTTPA 
Zinc, cadmium and mercury have an electronic configura-
tion d'^ s^ In the elements of lb group, the filled d shells lose 
one or two electrons to give ions or complexes in the (I) and 
(II) oxidation states but for group II elements, there is no evi-
dence for oxidation higher than two Therefore, all Zn(II), 
Cd(II) and Hg(II) complexes should be diamagnetic and will 
have no ligand field stabilisation effect owing to complete d 
shells All these form stable complexes with PDTTPA These 
complexes are white and grey respectively, insoluble in water 
and common organic solvents except acetone The electronic 
spectra of these complexes were practically identical with that 
of the hgand PDTTPA 
INFRA RED SPECTRA 
The IR spectra of the hgand and the complexes were 
recorded in the region 4000 to 400 cm"' The important IR 
absorption bands and their tentative assignments were obtain-
ed with reference to the spectra of the other carboxylate com-
plexes as well as those of thio and amino acid complexes (19-
22) (table 2) In the ligand, v{C—S) at 625 cm ', 710 cm"' and 
750 cm ' is shifted to lower frequency showing that coordina-
tion takes place through sulphur atom similar to analogous 
systems of thiopolycarboxyhc metal chelates (7-11, 19-23) 
The c(—COO) (asym) at 1720 cm ' and K—COO) (sym) at 
1410 cm"' are also shifted to lower frequency, showing that 
coordination takes place through carboxylic groups and sharp 
peaks at 1060 cm"', 1075 cm"' and 1080 cm"' show the pre-
sence of the —OH bridging in the Fe(III) and Cr(III) com-
plexes Bands at 890 cm"' and 990 cm ' show the presence of 
coordinated water molecule which was also confirmed by ther-
mogravimetric analysis 
